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CHAP. xvii. 

U1 r\LSSi:i?RAYS, cavaliers, orillons, and retired 

HANKS. —CONC AVE AND DOUBLE FLANKS ALSO EX- 
FLAINKI). —OC THE TOWER BASTION SYSTEM OF FOR- 
’HH( ATION: —AND OF RETRENCHMENTS. 

In the concliKiiiig parts of the preceding volume, some of the 
most useful general principles, which ought to be kept in view, in 
coiistrui ting a bastionary fiont of fortification, were explained. 
Many points, however, of considerable importance, have still been 
left uiidiscussed, such as the most suitable form, breadth, and 
depth, of the various ditches, the width of the covered way, &c. &c. 
But upon the whole, it is much best for the learner, not to attempt 
to enter too deeply into the principles of defensive fortification, 
until he has previously made himself thoroughly acquainted with 
the most approved system and means of attack. In continuing 
to treat of the former subject, 1 shall therefore confine myself to a 
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e»|4niMI|tl<H| of tlic general nature of siu'h Morks and out> 
iobifo iKrt jet been defined, %^ithuut pretending to reason 
it Illy liptMl llttir advantages or defects. 




piBapal variations, which have taken place, nt diiFert*nt 

• *■ # *** 

the construction of tlic main inciosurc of u regular for¬ 
tress, shall DOW be noticed. 


In the m<»e early periods of modern fortification, it was custo¬ 
mary to form the whole of the bodv of the place with double rani- 
paiti and parapets, which were not separated from each other by 
an intervening ditch, their lelief being so regulated, that the 
interior line of works could lire over the otiicr, as is lepresentcd 
in the annexed section. 



When this construction was used, the lower and more advanced 
rampart of the two was called a faussebray, the terreplein 
of which was usually placed on the natural level of the original 

The outline of the main 
inclosure, of a place so 
fortified, must of course 
be represented by a double 
line, in the following man- 
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’fhe objections to a faiissebray aie as follows. After an 
enemy’s first batteries are opened, the men posted in it are Tiable 
to be deslioyed, not only by enfdading shot and shells, but also by 
ilic rubbish and splinters of the interior revetment which is imme- 
diuu ly behind them; and which, when effectually bleached, may 
bury the whole or the greater part of the tcrrepicia of the fausse- 
bray imdei its luins. Owing to the small relief of this work, 
which has no command over the «:lacis, it is also incapable of 
impeding a besieging army by its lire, in their more distant opera¬ 
tions, nor can it even see lliem, until they are established near the 
crest of that work, on the blink of the covered w'ay. Moreover 
i'xperifiiee has shown, and the same will indeed appear evident 
on a very little reflection, that, in case of an attack by assault or 
otherwise, one high reveted scarp is much preferable to two low 
ones. Foi these reasons, the use of a continued faussebray was 
gradiiallv abandoned. 

Still it was considered of importance, that some parts of the 
mam inclosnre should he able to oppose the enemy’s progress 
by a double line of fire, and llicrefore cavalieis, double flanks, 
and tenails, were generally adopted in preference. 

A CAVAi.ihit tlenotes any w'ork constructed within another, and 
raised to such a height above it, as to be able to fiie conveniently 
over it. 

Cavaliers are seldom or never erected behind curtains, but it is 
very common to place tliem in bastions, and more especially in 
full bastions. 

To explain the nature of these 
works, we shall first draw part 
of the outline of a regular for¬ 
tress, consisting of two bastions 
and a curtain. 

voi.. IJ. 
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The capalior is usually coustructed of the same form as the 
bastion itself, having two faces and two dauks, parallel to those of 
the bastion. 

Draw two cavaliers, accoid- 
iogly, one in each bastion of 
your 6gure, and complete ilie 
form of them, by inclosing them 
at the gorge. 

Sometimes a cavalier is meielr laiscd above the level of tlie 
tercepleiu of a full b.istion, without anv mtcimediate ditch iu front 
of it. 

In that case, the section of ihr work, if reveted, will resemble 
that of the interior lampait and laussehiav of the forimi svstem; 
so much so, that the first figuic of this chapter, maj serve cijually 
well to represent a section through the face or flank of a bastion 
constructed with n cavalier of the above dcsciiption. Aiul 
indeed, the interior hue of a place fortified with a fausscbray may 
be considered as a kind of continued cavalier. 

Theic is however a great difference iu the relief of tlie two 
sections, that of the cavalier bastion being the boldest, so much 
so, that both the upper and lower parapets of this system have a 
considerable command above tlie glacis and surrounding country, 
whilst the parapet of the faussebray has no effectual command 
whatever over either of them, as was before explained. 

Sometimes a cavalier has a ditch in front of it, and then it may 
serve not only to fire over the bastion, but also as a retrenchment 
for that work. 

Here it is proper to rcniaik, that the term retrenchment 
implies any interior work, which is constructed within or in rear 
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of anollifi, for tlie purpose of strengthening it; and A wobk, 
whieli is so stiengthened, is said to be hetbenched. 

The term i s tr i:n<- ii vf e\t, on the contrary, implies an inde¬ 
pendent work, constmctiM} in the open field, without a reference to 
tlie snppojl of any oilw r adjoining work, immediately in front of it, 
to which it can be considcicd subservient. 

1 laving made these necessary definitions, we shall proceed with 
our subjrct. 

When a cavalier is used as a retrenchment for the purpose of 
stopping an enemy’s progo ss, in case he should effect a practi¬ 
cable bie.K h near the point of tiie bastion ; in addition to its own 
dittli, which l^ essentially necessary, theie must aUo be two otlier 
ditclus connected with it, which being cut right across the terre- 
pleiii of the bastion on each side of the cavalier, serve to interrupt 
the coiniminication, so as to prevent the besiegers, after storming 
the breach, from being able to penetrate any further. 

'riiese ditches, as well as tlial of the cavalier, have usually reveted 
scaips and coiinlerscaips; and their scarp is surmounted by a 
proper parapet, which may serve either for cannon or musquetry, 
and which is usually of the same height nearly, as that of the body 
of the place. 

The works, thus constructed, on each side of a cavalier, are called 
CT’TS, and it is to he observed that the same term is always used 
in speaking of any very short line of work, formed for a similar 
purpose. 

To exemplify this kind of 
obstacle, in your present figure, 
you will draw right lines from 
the shoulders of your cavaliers 
to the faces of the opposite bastions, in a direction perpeBdicular 
to the latter, or nearly so. 

z Q 
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'I ht-se last ^Irawn lines >\ill lepresent ihe scarj> lims ol cuts, 
whicli may be formed in support ot uuir cavaliers. It is to be 
observed, however, tliat llio parapet scarp line of a cut is not 
always laid out in one continued Inie. Soinetnnes it may 

be constructed with one half of it moic ictiied llum tlie other; the 
two portioas of it, when llim, hirmetl, b«*iu ;5 iieaily parallel, and 
joined by a right line, called \ iu. iki.at, wbicb may be made 
perpendicular to tbem, oi ncuiiy so. 






\ 

\- 


Alter the cuts iu \our left 
bastion accordin"!y, toHiiiu.: / 

them iu two portions coimettiil V" 

by retreats, iu the mauiier whu b 

has Just been explained, and let that part of each, which adjoins tw 
the cavalier, he the most rctind. 

This being done, eomph le 
your figure by drawing the 
ditches, obscr\ing, liowcver, that 
no ditch is necessary, and cmi- 
sequenlly none must be represented, iu those paitsof each ca\a- 
lier, which are in rear of the cuts. 





j r 


Cavaliers serving also as retrenchments, such as those shown in 
our present figure, are called DEE-ENSiBi.r cavaliers, in order 
to distinguish them from the common cavaliers, befoic 
described, which liave no ditches in front of them, and are nol 
supported by cuts. 

In large bastions, the distance between the scarp line of the 
faces of a defensible cavalier, and the interior crest of the parapet 
-of the faces of the bastion, in which it is constructed, should not 
be much less than about tO yards; otlienvise it would not allow 
sufficient space for the terreplein of tlie bastion and ditch of the 
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ca\nlicr, neither of which bhotihi he less than 10 yards wide, if pos¬ 
sible: nor shniiid the abo\c distance exceed 20 yards, because in 
that case, the cavalier could not have a proper command over the 
glacis, unless it were raised to a vcr> inconvenient height* 

It was before staled, that the terreplein of the bastions is entirely 
nit throng)] by the ditches of the cuts adj'dniiig to the cavalier. 
These ditches uie iherefoie covered in flank by the scarp revet¬ 
ment oiilv, which niav there be formed with a ildge at top, like 
tir.it of a bataideau, m order to prevent an enemy fioin penetiating 
ovei It. 


* 111 a fortress, liavins; jinifile.s of .so b(tl<l a relief as those explained in 
Chapter A I, and I latr* ‘^il, of iliis work, il ^a^allers were eoU!»(riKted 
within tliir« hasiKtns .il the (h'taiu e o| 'Jo it would he iifees^iar} to 

jlive the parapet of each eavaliei a eoiiiiiiaml of at least 14 feel tl inches, 
over that ot the IkmIv of ihe pi.we : otlieiwise it wtniKI not ho aide to fye 
upon the foot ol the ^,'i8eis, vvilhoni iiie*«iiiniodini>; the deienders of the bas¬ 
tion III front of it. Now as the bastion itsr'if, iioeordio^ to the above 
piofi.es, ha.s a (oininand of'Jo feel o iiiehe.s over the eoue.trv, the total 
height of oiir supposed defensible lavaliei would be no !e<>s Uiun -lO feet 
above the gionnd line; and of eouise, bv iiieie.a.siiig tiie distuiiee, the relief 
ol the eavuher would also requite to be incieased in piojKii tio:i, in older to 
prodiiee an eqnallv ])liiiigiiig fire. 

If, however, the objiet of having a eoiiiliiiied frro, fioiii the tavalier and 
bastion, upon the glacis, should be given np, and Ihe fuiiner is supposed to 
act against Ihe eneniv's in ce distant works nitiv, then a lesseoinniiindiiig 
lirofile will nn.swei the purpose. In Coiinoiifaigne’s )n'ufiles for e\ani|de, 
he gives his defensible eavaher a eoiiiinand ot U feet 6 iiiehes onlv over Ihe 
b'islion, at the distanee of uhoiit 40 }a!ds. (See (Kucrcs Poitlutmes de 
VonttuiUatffue, Vol. !.) 

It is to be remarked, that u ver} eoininanding euvaliei offers the greato.st 
obstacle to an eneniv’s operations in general; but as a i('tieii(-huieut il is 
le.ss seivie-cablc than a lower one, after the eneinv have t's'fililishcd them¬ 
selves in the ba.stion in fiont of it; lieean.so the ninsqiietiv fire of a high 
eavaher caniKit well be brought to bear upon the whole terreplein of the 
bastion, without iiiereasiiig the dip of the |.aiapct, and consequeiitiv 
weakening the crest of at, to au incoiivenienf degree. 
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In a defensible cnvalier, the top of the masonry should not be 
raised higher than the interior crest of die parapet of the bastion, 
by which it.is covered. With respect to a common cavalier, it is 
much best that it should not be reveted at all, in the inamiei 
represented in the first figure of this chapter. In such u work, it 
not being intended as a retrenchment, iiiasoiiry wotdd only be a 
useless expense ; and might even by its ^phnter.s be [trcjiidlcial to 
the defenders of the bastion, unless rem(>\ed to a considerable 
distance in rear of the faees of that work, winch ieino\rd would 
add to the expense in another point of \iew, by lendeiiug a bolder 
relief necessary, in order to produce an equally |>limgn»g lire. 
Unreveted cavalieis, on the contrarv, ma\ be placed much nearer 
to the faces without incoiuoiiience. A fiee vpace (»f 1‘2 (»r 1 J \aids 
for instance, left as a terreph in, between the loot of tlie *>(.arp ol 
the cavalier, and die parapet oi llio bastion, will be qinte ‘.iiftlcient. 

It may perhaps apjrear .scarcely necess.ny to mejjlion, that every 
cavalier must have ramps oi staiica.ses towards In g»>ige; iu 
addition to which a defensible cavalier inu'l also have a proper 
cominunicatiuii with the bastion in front erf if, bv means of sally¬ 
ports leading into its own ditch, and slaireascs or lamps to ascend 
from thence upon the terreplein. These aie indisp< nsible in all 
retrenchments, or works formed with ditelies; and in ail other 
obstacles used in fortiticalioii, such as palisades, Sec. wliitli have no 
ditches; barriers, or other gatc.s, for die purposes of coinmimicatioii, 
are no less neces.sary. This being explained, it will be understood, 
that in treating of die various w'orks, wliicli mav conic under oui 
consideration hereafter, such communications, ailhough die} mav 
not be specifically mentioned, are always implied. 

Double fianks, which I .shall next proceed to explain, have 
seldom been used, except when the main iiicinsure of a fortress 
has been formed with what are called orillonv. Tin* rules for this 
constniction aie as follows. 



ORILLONS AND REllRED FLANKS. S4S 


Draw first a front of forti6cation in 
the usual manner, and upon eacii flank 
mai k a point at the distance of about 
one third of its length, ineasuiiiig fiutn 
the shoulder, backwards.* 

Dot the lemaining part of each 
flank, namely that whicli i-* compre¬ 
hended between the said point and 
the curtain. 

Fifun the salient angle of each deini- 
bustion, draw a line inteisecting the 
c])posite flank, and passing through the 
point w^ich was before marked upon it. 

l*ioduce also the lines of defence 
of your tiont of foitiflcation, outwaiiN, 
be\ond the eMreinities of the curtain. 

Puiallel to each of }our original flanks, and in rear of them, at 
the distance of about one sixth pait of their length, which in real 
practice may be 9 or 10 yards, draw lines bounded by the last 
drawn oblique lines. 

This being done, rub out all those 
lines of your figure, w hich fall without 
the original front of fortification. 

The parallel lines, last drawn, will represent what are called 
retired flanks. 

Rub out the dotted lines, and other 
parts of your present figure, which 
will become superfluous after the re¬ 
tired flanks are drawn. 

* This » Vauban's rule according to St. Paul (See that author’s TVaite 
Complet de Fort^ation), Others recommend setting off about 14 yanis, 
or one fourth of the length of each flank only. 
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A front of fortification, nho^e flanks are not constructed in one 
continued right line, but w itii a retreat, in the manner now repre¬ 
sented, is said to be formed with oiiii-lons and uetiked 
FLANKS. The latter having just hocn explained, it is only neces¬ 
sary to observe, that tiie projecting part near the sliouldei of each 
bastion, constitutes what is called an orilloii. 

In this construction voii will also ohseive, that there are breaks 
IN THE CURTAIN, near each e\treinily of it. 


Orillons were not often made angular like those of our present 
figure. They were moie usually cuived. 

To exemplify this construction ; upon 
the small remaining part of eat h of your 
original flanks, as a chord, describe an 
arc outwards.* 



Rub out the clioid:* of these arcs, 
and the repie.<»entation of the orillons iii 
their proper cuived form will remain. 

Add to ) our figure, by con¬ 
verting vour two demibastions 
into whole bastions of the 
same construction. 







Retired flanks are sometimes made in the form of arcs of a 
circle; and then they arc called concave flanks; the common 
mode of constructing which is as follows. 


* Vauban s method of describing these arcs is said to have been as 
follows. He bisected caeli small portion of his original flank by a perpen¬ 
dicular, which he produced inwards towards the capital of the same bas¬ 
tion. Then from the outward extremity of the rctireil flank, he drew an 
oblique line to tlic adjoining angle of the shoulder of the original outline, 
intersecting the above perpendicular. The point of intersection, thus 
found, was used as a center for drawing the curve. 
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t poll each of your present 
retired flanks, as a base, de¬ 
scribe an equilateral triangle 
outwards. 

From the vertex of each 
of these triangles, as a center, 
with a radius equal to one 
side, describe arcs standing 
upon }our letircd flanks, as 
chords. 



These arcs will represent 
your retired flanks in their 
new' foini. You will there¬ 
fore rub out the equilateral 
triangles entirely; and the figure of two bastions with orillons and 
covcAVK FLANKS will be Complete. 

'I’bat part of an orillon, which faces towards the curtain, is 
called Tin: keverse of the orillon, and is usually con- 
Mtructed without any parapet. 



The reverse of each orillon being directed upon the point of tlie 
adjoining bastion, it follows that no part of this line can be seen 
by a person, standing any where in front of the said point, as for 
instance in the covered way or on the crest of the glacis. But it it 
there, that an enemy must necessarily establish his principal bat¬ 
teries towards the close of a siege, partly to effect a breach in the 
faces of the bastions, near the salient angle, and partly for the 
purpose of silencing the tire of the flanks. Now from what has 
just been said, it will readily be understood that none of these 
batteries can see into the reverse of an orillon. Consequently in 
bastions so constructed, one gun may be placed at the outward 
extremity of each retired flank, which may be so completely 
covered by the orillon, as not to be injured by the direct fire of 
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anj of the benegers* batteries, and ^^hich yet will itself he capable 
of seeing mto and defending the breach. Such was the reason, 
which caused the very general adoption of oriilons and retired flanks, 
m the more early periods of modern fortification. 

In process of time, however, after the use of shells, and of 
enfilading gun batteries, became more common, it was found that 
the oriilons could no longer protect their retired guns, with any 
degree of certainty; and therefore this expensive construction vvas 
abandoned, in favour of the common right-lined flank, which may 
be built widi about one third less masonry. 

Having made this remark, we shall next proceed to (‘xplaiii the 
nature of double flanks. 

Produce the reverse of each \ 

ofyouroriilons and the breaks / (' 

of your curtains, towards the ” r, —- ^1] f- 

adjoining capitals of llie has- 

tioDS, and connect these prorluced lines by a second set of arcs, 
drawn parallel to )our concave flanks. 

The last described arcs represent the second flanks of a 
fortress constructed with double flanks. These are of course 
made the liighest of the two, and are usually of the same height 
nearly as the faces of the bastion or orillon, whereas the parapet of 
the lower flanks in this construction is seldom or never made higher 
than tlie crest of the glacis. Consequently a section through a 
double flank exactly corresponds, in every respect, witli the section 
of the faiissebray system ; and the same objections, before urged 
in tpeating of that system, apply to a reveted second flank, if 
placed too near to the parapet of the lower flank. 

In fortresses constructed with oriilons, the reverse of these 
works is often chosen as a good position for sallyports leading 
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either from the interior of the bastions into tlie main ditch, or into 
the terit plein of the lower flanks. 

Sometimes bastions have been constructed with double flanks, 
although having either no orillons at all, or very small ones; and 
in this case the upper flank has sometimes been con^ued so as to 
meet the face of the bastion, instead of terminating at some dis¬ 
tance from it, in the manner represented in our present figure; 
and when this construction has been followed, that portion of each 
face, towards the shoulder of the bastion, which is intercepted 
by the upper flanks, has gencraliv been made rather lower than 
the remainder of it.* 

In such of the inoie early modern fortresses, as were not con¬ 
structed with faussebra\s, it was usual to leave a berm of from 5 
to 10 feet broad, at the bottom of an unreveted parapet; which 
berm, being used as a path by the officers on guard in going their 
rounds, was called thi: roundw ay. 

71ie loiindwax had a thin briek wall on the outside of it, gene¬ 
rally not rnoie than three or four feet high, being chiefly intended 
for the purpose of pi eventing accidents. Sometimes, however, it 
was made stronger and higher tiiun usual, and pieiced with loop¬ 
holes for the use of nuistpictry. The section of a rampart, so 
constructed, is as follows. 



* Thus coDstnictinn has been adopted by Coehurii, one of the most cele- 
brated engineers of modern limes, in some fionts of the famous fortress of 
Btrgenopzoom. 
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In order to estaUish a proper comniunlcatiuii betw cen lljo terre- 
plein and the rouodwa)', passages were cut throngli the parapet 
in various parts, especially near the salient angles of the bastions ; 
at which angles, small stone turiets were also usually eiecteil, in 
which sentinels were posted. 

These permanent or stone sentry-boxes wcic ciiher 
made circular or in the form of small polygons, the lower eouisis 
being built like c<»rbels, so that the body of each sentry-bo\ pjo- 
jected beyond the general line of the scaip revetment, and its walls 
were loopholed, in order to enable the sentinel to make hi^ oUmi- 
vations in all directions. 

Roundw'ays and stone sentry-boxes have long be< n giT»eially 
disapproved. Small guards ported in the coveud way and out¬ 
works provide more eft’ectually against a surprise than the fonnei ; 
and the latter being usually consjncuons and ornainenta! olyects, 
and placed on fixed points, so us to make known the positions of 
the principal works, served only as murks for the ciM'iny’s nrldlciy, 
to the prejudice of the defence. 

I shall next proceed to ilescribe what is called the tower 
BASTION SYSTEM OF FORT ii'if ATION, which was iiitiodured 
by Vauban, in some of the last fortresses constructed by him 

Draw two right lines, lepresentmg 
curtains, and draw thiee very small has- 

tioDS at their extremities, to show the v ‘ "O 

TOWER BASTIONS. 

ITie nature of such works may be easily understood from their 
flame, they being merely laige towers built in the form of bastions. 
The lower ap.Trtmeuts of these towers are strongly aiclied over, 
with such a thickness of masrjriry and rubbish as to prevent bombs 
or shells from penetrating. At the top is a platform or terrepleiu 
nearly level, having a parapet of the usual height, but formed of 



•nil-: TOWER BASTION SYSTEM. 


549 


}>iick in Older to Kive room, the thickness being about 8 feet. A 
toophoh-d buck wall, about .0 feet thick only, inclosed the goig;e, 
lilt; outline which is, howe\tr, not yet correctly repiesented. It 
IS not niy intention to describe tiu- construction of these works 
ininutcl\. Suflice it to say that the Hanks w’cre made perpendicular 
to the curtains, and the Salient an"!e«: always right angles; and the 
si/.e ol the toweis was such as to ud.nit of three guns being mounted 
in each face, and of two guns hennj: mounted in that part of each 
Hank, which projected beyond the scarp line of the curtain. 


Such i'* nearlv the outline of the main inclusure of the system now 
under ctwiMderatioii, which so far difi'eis very little, excepting in 
the gieatei magnitude and torni of its towers, from the plan 
nsnally fo]lov^ed in ancient times before the invention of gun- 
powdei. 

In Older to lendei the towel bastion system more conformable to 
the lilies td' modem foitilieatioii, an exterior line of w'orks was there¬ 
fore added, consisting of coinmuii bastions and teuails, both of the 
usual sue. 

'J'licsc bastions being separated from the main inclosure bv a 
ditch, and not being connected b} cnitains, are called detached 

11A S'l lO N S. 

Ill front of each of the three 
tower bastions rcprcsenteil in 
your Hgnre, diaw a detached bas¬ 
tion, the faces of w liicb are supposed to be directed upon the angles 
of the flank of the main iuclosnrc. 



Between each of these detached 
bastions draw tcnails; and finish 



your tower bastions, the form of 
which is not yet complete, by producing their flanks a little in rear 
of the curtains, and drawing the gorge of each, perpendicular to 
its capital. 
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TTie curtains produced, until they meet each other in front of the 
gorges of the tower bastions, as represented in our figure, consti¬ 
tute the interior sides of the polygon, in this consti uction. Its 
exterior sides, if required, would be denoted by right lines, drawn 
so as to connect the points of the detached bastions. 

Beyond the detached bastions and tenails, there may be a chain 

ravelins, or otlur outworks, a covered way, and glacis, allot 
which may be constructed in the usual manner. 

Draw therefore a couple of 
ravelins in front of your tenaih; 
and draw also the countersraip 
in front of your detaclied bas¬ 
tions and ravelins; rubbing 
out, at the same lime, those parts of the intcilor sides of the 
polygon, which become sii|)ertlu()us after the tower bastions are 
completed. 

Our figure, in its present stale, represents Van ban’s second 
system of fortification. In lliis he fortilied outwards, that is to say, 
be drew the interior sides of his poijgoii first, making them each 
056 yards long. Then he produced the radii to the distanee of 84 
yards, in front of the point of eaeb of bis towers, bv which means 
he found the position of the salient angles of his detached bastions. 
In consequence of this construction, the exterior side was not by any 
means fixed, but varied accoiding to the nature of the polygon; so 
that in the hexagon, for instance, it was about 357 yards long, and 
in otlier polygons of a gieater immber of sides it became shorter 
than the above dimension ; its length always diminishing in proper- 
tiou to the magnitude of the polygon. 

In his third system, which is also constructed with tower 
bastions, instead of forming the curtain in one continued right 
line, it is laid out in the form of a kind of front of fortifi- 
catioo, but with so very short a per^^endicular, that tlanks of 
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about 12 or 13 yards only are thereby obtained. ThU is the only 
apparent variation between the outline of the third system of 
Vauban, and that of his second system above described, as they 
appear to the eye on a hasty inspection. 'Flieir dimensions, how¬ 
ever, and construction, when they come to be m\>re accurately 
examined, are very different. In tlie third system he made his 
tower bastions a little larger than in the former; and be fortified 
inwards, making the extgrior side in all cases equal to 384 yards, 
the perpendicular equal to one sixth of the exterior side, and the 
faces of the detached bastions 1 '2H yards long. Consequently all 
the works are on a considerably [jreater scale, than those of his 
second system. 

In both systems communications are constructed near the flanks 
(jf the towers, leading from the body of the place to the detached 
bastions: \^htI^t the latter works may communicate with the 
adjoining extremities of each tenail, by means of sallyports pierced 
in their Hanks. There is aivSo a direct communication to the tenails 
from the curtains of the iiiain inclosure, in the usual manner. 
And it is to be lemarked, that the ditch of the body of the place 
is only about half the width of that which fk in front of the detached 
bastions and tenails, so that the latter is in reality the main ditch 
of the fortrc'ss. 

Notwithstanding the great reputation of the author of the tower 
bastion system of fortification, and although it was his last, and 
probably his favourite mode of construction, being the only one 
in which he so materially differs from former engineers as to 
establish any claim for originality; yet it is to be remarked that 
this system has not, in any subsequent period, either been imitated 
or generally approved.* 

* Mr. Bousmard (in his Essai General de Fortification) is, however, an 
advocate for Vaubaii’s tower bastions. 
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I shall now proceed to describe the methods which have been 
used in strenglhenii^ works of lortihcation by means of retrench¬ 
ments. 


One mode of retrenciiing a full bastion, namely b\ a defensible 
cavalier, has already bei‘ii explained : tlie other methods comiiiunly 
adopted for the same ))urpo<ie aie as follows. 

Sometimes a bastion may be rctrenohed by a work laid out in the 
form of a simple teiiail. 

In order to repiesent this kind 
of retrenchment, draw two bas¬ 
tions connected by a curtain, 
which being done, from the 
shoulders of vour left bastion draw two right lino meeting each 
other in the capital of that work, so as t(» form a reentering angle 
(See the left bastion of the fotlun /wg figure). 





-V 


Sometimes the retrenchment of a bastion may be constructed in 
the form of a small front of fortification. 

Draw a retrenchment in your 
right bastion, in this last men¬ 
tioned form; and let its extre¬ 
mities terminate near the shoul¬ 
ders of that bastion. 

These retrenchments have ditches, and sometimes a covered 
way ; and they are supposed to have a small command, usually 
not exceeding 2 or 3 feet, over the body of the place. 

Complete the form of the 
ditches of die retrenchments of 
both your bastions, by drawing 
their counterscarps. 

When the retrenchment of a bastion is formed by a small front 
of fortification, it is sometimes placed in a more retired situation 
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lhan is represented in our present figure. For example, the 
extremities of the retrenchment may terminate at or near the 
angles of the flank. 

To exemplify this method, 
draw an additional retrench¬ 
ment behind your left bastion, 
in the form of a small front of 
fortification ; and let the extremities of it terminate in rear of the 
angles of the flank, and at a short distance from diem, upon the 
adjoining curtains. Represent also the ditch of this new work. 

The left bastion of ytiur present figure is now protected by a 
double line of retrenchment. 

Retrenchments may also have small outworks in front of them, 
ciUiei constructed in the form of ravelins or otherwise. 

Add a small ravelin to the 
rctienchmeut of your right bas¬ 
tion ; and represent also the 
iiilch of this additional work. 

From the above examples, it will readily be understood, that 
there may be many methods of retrenching a spacious bastiou. 
To give some notion of the dimensions of such retrenchments, I 
shall remark, that if wc suppose tiie two original bastions of our 
figure to represent part of a regular octagon fortified according to 
Vaubaii’s first system, tlie small front of fortification, which 
retrenches the right bastion, may have an exterior side of about 
16Q yards; and that, which is in rear of the left bastion, would be 
about 140 yards long, if it terminated exactly on the angles of the 
flank, but by gaining a little upon the adjoining curtains it becomes 
so much the longer. 




REMARK. 

For a reason stated in a former chapter, tlie parapets of the 
flanks of such short fronts of fortification, as those above described, 
VOL. II. A A 
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could not be uide to eee into the whole of the ditch, with proper 
effect. It is however to be observed, lest there should be aii> 
nisconc^don of what was there advanced, that in case an enemy 
should attempt to take the retrenchment by escalade, although he 
might not be exposed to any danger from rausquet shot, whilst 
standing in the bottom of the ditch ;• yet in proportion as he 
ascended above that level, in the operation of scaling, he would 
gradually come under the tire of the flanks, before he reached tlie 
summit of the wall. And under this consideration, it will be 
evident, that imperfect flanking defences are not in ail cases to be 
absolutely rejected. 

In order to explain the mo<le of retrenching a ravelin, you will 
first draw a work of that description, with a break at the gorge lu 
the usual form. 

In rear of the faces of the ravelin, and parallel 
to them, at any convenient distance, draw tvio 
lines, meeting in a salient angle, to represent the 
faces of tlie retrenchment. 

Draw also the ditch of this woik, in the usual 
manner. 


You will next draw two small flanks to your 
retrenchment, and rub out those parts of the faces 
of it, which will become superfluous after the flanks 
are drawn. 

The representation of a retrenched ravelin, in its most approved 
form, is now complete. 

The retrenchment of the ravelin, not being intended to act as a 
cavalier, has usually a command over that work of about 2 or .‘5 
feet only; and in order that both of them may be properly com¬ 
manded by the body of the place, a retrenched ravelin is generally 
made 1 or 2 feet lower than an unretrcnched oae. 

The scarp line of the faces of the retrenchment cannot contc- 
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fiiendy be laid out, at much less than a distance of about 80 yard:* 
from the interior crest of the parapet of the nvelin, for the same 
reason, which was before stated, in treating ol* defensible cavaliers. 

The top of the scarp revetment of the retrenchment may be on 
the same level nearly with its own terreplein; an4 the height of 
masonry is usually less by 8 or 10 feet, than that of the scarp revet* 
ment of the ravelin, when tlie latter has a respectable profile. 
Consequently the ditch of the retrenchment is laid out on a higher 
level than that of the ravelin, having a sudden fall, or drop, as it is 
called, at each extremity. It is usually made about 11 yards 
wide, and its counterscarp is reveted. The side of each drop 
is also reveted, as an additional obstacle to prevent an enemy 
from penetrating, by the ditch of the retrenchment, into die terre¬ 
plein of the advanced part of the ravelin. 

It is also usual to retrench the reentering places of arms of the 
covered way. 

Draw a figure to represent a 
reentering place of arms, with two 
adjoining branches of the covered 
way, marking a couple of traverses 
in each. ^ 

The retrenchment of the reentering places of arms usually con¬ 
sists of two faces, forming an obtuse angle. 

Draw two right lines accord¬ 
ingly, to re{Mesent the faces of a 
retrenchment of die above descrip¬ 
tion, placing them in such a situa¬ 
tion, as not to interfere with the retired traverses of the adjoining 
branches. 

This being done, complete the 
form of your retrenchment by 
representing its ditch. 





A A 8 
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In propoftioa at tlw salient angle of this kind of retrencbinent is 
more obtuse, the leas exposed will it be to the enemy’s enhlading 
or reverse fire; but at the same time the flanking defences, which it 
might derive from the adjoining bastion and ravelin, particularly 
from the former, will become so much the more oblique, and 
consequently less eflectual. 

Hie retrenchment of the reentering place of arms has usually 
a command of about £ feet over tlie crest of the glacis. Its 
revetment may be from 15 to 18 feet high; and its ditch, 
which is usually 6 or 7 yards broad, docs not in general exceed 
IS feet in deptli. Tlie paiapet is made only IS or 13 feet 
thick, except at the inward extremit) of each face, adjoining 
to the counterscarp; and there, the outline of the interior crest of 
it is not made parallel to the exterior crent or scarp line, but has 
a return backwards, in the form of a small flank, nearly parallel to 
the capital of the work ; by which means greater strength is gained, 
in what are supposed to be tlie most expose4 parts. 


REMARK. 

Any interior work or retrenchment, which is so constructed, 
that an enemy cannot conveniently attack it, until he has previously 
made himself master of the exterior work, which it is intended to 
support, is called a keep, because it affords a safe retreat to the 
garrison of the principal work, in case of necessity. Hus, for 
example, in ancient castles of any considerable extent, there usually 
was a high tower, or a more commanding but smaller castle, erected 
within the central area, so denominated; and in modern fortifica¬ 
tion, as the retrenchments in the ravelin and covered way come 
precisely under the above definition, the former is also sometimes 
called THE keep in the ravelin, and the latter the keep 

IN THE COVERED WAY. 

We have hitherto supposed all our retrenchments or interior 
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defences to be reveted with masonry, in a permanent manner, and 
to have a proper terreplein w'ith good earthen parapets, as also 
ditches and reveted counterscarps, and, in certain cases, even a 
small covered way in front of them. 

Sometimes, however, for the sake of economy, and sometimes 
from want of time, as for instance when a fortress is either actually 
attacked, or liable to a sudden assault, die works have often been 
retrenched in a less substantial manner. 

For example, the retrenchments in the ravelin and covered way 
have sometimes simply consisted in brick walls, from to 3 feet 
thick, pierced with loopholes for musquetry at convenient inter- 
vals, and having a small ditch in front of them of about 6 or 7 
feet deep, and 4 or 5 yards wide. 

In such retrenchments, as they are quite incapable of resisting 
cannon shot, the wall should be covered as much as possible 
from the besiegers* batteries, which are supposed to be esta¬ 
blished near the crest of the glacis. This is done by making the 
top of the masonry considerably lower than the parapet of the 
ravelin. It is however proper, that it should at least be of such a 
height, that when the remainder of the ravelin is taken, and the 
enemy are established on the terreplein of that work, the troops 
within the retrenchment may be every w’hcre completely screened 
against musquet shot. 

Sometimes, but particularly when the garrison of a place is 
pressed for time, retrenchments may be made of timber. 

This is done by firmly fixing in the ground strong piles, of oak 
or other hard wood, not less than six inches thick, but the thicker 
the better, in such a manner as to form a continued line of about 7 
or 8 feet high above the level of the interior of the work, which is 
to be retrenched; a part of tliese piles being previously notched 
in such a manner that, when they are put together, there shall be 
convenient loopholes for musquetry left in them at proper inter* 
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vids, wliilst ^ rema^er of the work forms a solid wooden 
wall. 

A wimHc of solid timber of tiie above nature is called a stockade, 
to disdi^uiah it from a common line of palisading, which is usually 
much weaker. 

I 

When A STOCKADE is of very inconsiderable extent, so that it 
cannot be (teemed a proper retrenchment, but merely serves as a 
small keep near the gorge of a place of arms, ravelin, or other 
work, to aflFord means of retreat to the defenders in case of an 
assault, it is styled a tambour; aiid the same term is applied, in 
lieW fortification, to a similar obstacle, w'hicli is often formed in 
front of a gateway, that is not protected by a ditch and drawbridge 
in the usual manner. 

When nothing is specified to the contrary, a tamboub is 
always supposed to be formed by means of a stockade, or pali¬ 
sading, or other timber work; but the same term may also with 
equal propriety be applied to a brick wall, if of very inconsiderable 
extent, and used for the same purposes, which have just been 
mentioned. 

A tambour may be further secured by a ditch in front of it, with 
inclined palisades sloping outwards to add to its defence. When 
composed of stockade work, it may have a half roof towards the 
rear in the form of an open shed or penthouse; and a trench may 
be cut behind it, for the purpose of receiving and deadening the 
effect of grenades, splinters of shells, &c. unless wlicu it is 
placed so near to the reverse of any work, lliat the common 
ditches of the fortress will answer that purpose. 

& 

In the full bastions, and in the reentering places of arms, of a 
place menaced with an attack, a more serviceable retrenchment, 
than either a brick wall or stockade, may be formed by throwing up 
earthen works resembling common field works. But for the reason 
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stated, in treating of earthen ramparts, these must be strengthened 
by palisades, fraises, or chevaux de frize, in order to secure them 
against an assault, which will oblige the enemy to have.recourse to 
the more tedious process of forming batteries or mines. 

To obviate the disadvantages attending earthen slopes, the scarp 
and counterscarp of such works may sometimes be retained by 
means of a timber revetment, the nature of which is as 
follows. 

Piles of about 1 foot square, and of a suitable length, 
are fixed in the ground to a sufiicient depth to insure their sta¬ 
bility, and at intervals of about four feet apart; behind which 
is applied a lining of strong planks, and then the mass of earth 
is thrown in. 

In order to add to the security of the piles, which form the 
principal strength of a timber revetment, and u hich in fact bear 
the whole pressure of earth, it is proper to connect them with 
other strong pieces, laid horizontally in the mass of earth, which 
from that circumstance are called land ties. Instead of build¬ 
ing a timber revetment perpendicularly, it also conduces to its 
strength to form it with a certain slope, which, however, should 
not be greater than about one fourth of the height. 

When pali.sades arc used for strengthening works, it is to be 
remarked, that tlie larger the scantling of which they are composed 
the better. Entire trunks, for instance, of well-grown trees, are 
preferable to every other kind, if the great difficulty and expense of 
procuring a sufficient quantity of this description did not render it 
necessary often to be contented w'ith slighter ones. Palisades, 
formed of large timber, nut only offer an almost insurmountable 
obstacle against men attempting to cut them down by main force, 
under fire, but they afford effectual protection against musquet 
shot, and under certain circumstances, it has even been found 
difficult to make any impression upon them by light field pieces. 
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By way of <&rtiiictioQ, the term stockade is also applied to the 
superior kind of palisading^ \ihicli lias just been tlescribed, 

Som^mes palisades have not been fixed in the common man¬ 
ner, but hung io bays, as it is called, whicli coustructiou is as 
follows. 

Strong posts are first planted firmly in the ground to a sufficient 
deptti; and then cross bars or rails arc fixed to them horizontally, 
near the top and.buttuni; to w liich rails the palisades are afterwards 
connected by means of spikes, so as to hang ilh their lower ends 
at some little distance from the ground. This construction, which 
could only have originated from ni(jti\es of economy, is the worst 
that can be imagiued: for the palisades thus fixed are usually of a 
triangular shaped seaiitling, of too insigiiificaiit thickness to resist 
musquet shot in any part; and in case of uii attack upon them by 
maiu force, tlie moment that an enem\ succeeds in saving or bieak- 
ing off the ends of two rails oiil\, a uliule bay of palisading is of 
course thrown down and rendered useless at once. 

These rails are commonly called ribbands. In hanging 
pali«aI)F.s two ribbands must ai\va)s be used in each bay; and 
even ill the romrr''n sianhinc. pamsadi'.s, at least wheiifoimed 
of re£;uiar scantling, u ribband is iisiialiy fixed near the top, at such 
a height as to foim a cou\eiii(iit rest foi tlic solditr’s imis(|iiet, in 
firing bet\M‘e!i the interstices. 

IVaiM.^ liau* alro a rihiiaiid, often fixed to their lower surface 
near tfic [ rojtctiiig cud of them ; whilst their buried ends aie 
•rittaclicd to RMoilid-, which fiom its position is called a sleeper. 
These cross pieces or ninRANDS, in both cases, contribute to 
slreugtl), as well as to regularity, in executing the work. 

In strengthening the works of a fortress by means of ictrcncb- 
irients, fascines, sand bags, and gabions, are akso employed. The 
two former materials have been already described. The latter arc 
a kind of baskets made of wicker woik, of a cyliiidiical forni^ 
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blit open at top and bottom; which being set upright according to 
any given alinement, and idled w ith earth, form a good revetment 
for a parapet, traverse, &c. Gabions, used for the above purposes, 
should not be less tli^n 2^ feet exterior diameter: 3 feet is a still 
better proportion, unless the gabions are placed at a slope, which 
increases the strength of this as well as of every other kind of revet¬ 
ment. The usual height of gabions is about 3 feet, but they may 
be made higher in particular cases, if judged ne^e^sary.* Casks 
with one end taken out, so as to receive earth, are often used 
ajs gabions, and if suilicientiy large they form an equally good 
revetment. 

I shall conclude the subject of retrcnchincnts by observing, that 
in cities built of stone or brick, in a substantial manner, without 
any very great proportion of timber, it is proper to oppose an 
enemj’s progress, after a breach is formed in the body of the place, 
by fortifung the adjoining streets and houses. For this purpose, 
the doors and windows facing towards the breach arc built up or 
strongly barricaded, and the walls of the houses in that direction 
are lfi(»pljolc(l. Cuts are formed on the terreplein, to the right and 
left of tile breach, and continued from tlience to the adjoining 
hoti^es; and all tlie «tieets, by means of wbich the enemy might 
penetrate, are secured in the same manner. This being doue, 
and due precautions taken to prevent fire, the foitided houses and 
cuts will form an obstacle of the most formidable nature against 
a common assault. Indeed in some countries, in which timber is 
scarce, and in which it is the fashion to build with very thick 


* In carrying? on the regular sa|) in a siege, a miu'li lighter kind of 
!j:abion is necessary, than would he desirable in any other case. Sap 
gabions arc aeconlingly made only S feet in diameter, and about 2 feet 9 
inches high. 
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\VaUe uid fiiA wotl^ the public baildings, and even many of the 
rJwdKiig houses, if di^nded with proper spirit and vigour, may 
I»c deMiied ahnoBt ibipr^able against an attack by infantry 
dnne. 


CHAP. XVIII. 

<»F BOMBPROOFS, CASEMATES, POMDKR MAGAZINES, 
CRENNELBD COCN’FERSt’ARP GALI.ERIES, GALLERIES 
OF COMMUNICATION, AND CASEMATLI) CAPONIERS. 

Any building, which is formed of such solid materials and 
' .••.nensions, as to be capable of resisting the force of bombs or 
falling upon it, is called a bombpruoi'. 

'File usual mode of constructing boinbproofs is to form apait- 
* ;'„nt8 arched over at top, of a moderate width, that is to say, not 
\ceedii\g about 18 or tiO feet at the utmost, but of a more con> 
-'ierable length, the thickness of the arch, or of the masonry 
cop, never being made less than 3 feet, in its w'eakest part. 

Powder magazines should always be bombproof; in addition to 
hich, it is in all fortresses proper, but in small fortresses abso- 
L^ely and indispensably necessary, that the principal hospitals, 
i.:;rrack8, and storehouses, should be built in the same manner; 
.•^.iierwise the garrison and stores, being continually exposed to the 


* The bouses in Malta are constructed in (his manner, as also those of 
f:!:efios Ayres. Those of Saragossa are less favourably formed for 
,V,<r'cnce, not having flat roofs, and being more combustible; and yet in 
i :o two late famous sieges of that place by the French, the houses ofiered 
|,j far a greater obstacle to the enemy, than the fortifications. 
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enemy’s sbelle night and day without intenni8tion» tffedual 
resistance for any lengUi of time could be ezpceted.* 

Bombproof buildlugs may either be insulated, or placed at 
some distance from the fortifications, or they may be constructed 
under the ramparts of a fortress, in which latter case they are 

called CASEMATES. 

A rampart provided with casemates, or in other words a CASfi- 
MATED MAM PART, as it is usually Styled, has no interior slope, 
the back of it being reveted. Tiic front walls of Casemates are 
formed by the common scarp revetments of the fortress. 

Sometimes casemates have embrasures [uerced through the 
front of them, for the use of guns or howitzers ; which embrasures, 
being cut out of the revetment, are of course either arched over or 
coveied wdtli long stones. 

Guns, placed in a casemate, constitute what is called a case* 
MATED BATTERY. 

Case mated batteries are most essentially necessary for the 
defence of dead angles and faces, which cannot be seen into 
by any other means. From hence it follows, that in the bastiooary 


* A small fortress without bombproofs may, for the above reason, be eon* 
sidored absolutely untenable against a vigorous bombardment In » very 
large oxteusivc fortress, on the eoutrar)', there must always be some partly 
which will not suffer by the effect of the enemy’s shells. But as the par¬ 
ticular points, against which the besiegers may direct their fire, cannot bd 
foreseen, before an attack actually commences, the greatest confiision ftbdi 
trouble may be occasioned, in the event of a bombardment, by the necessi^ 
of removing troops and stores from those situations, which happen to be the 
most exposed. Consequently, oltliough fewer bombproofs, in proportioki ta 
the magnitude of the works, may be necessary in a large fortress, than in a 
smaller one; still it may be laid down as a rule, that every fortress, how¬ 
ever extensive, which is entirely destitute of bombltroofii or ciseiinite^, 
must be considered deiective. 
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s^tem of foitificfttioi^ (hey may be useful, but in the redan system, 
they are absolatdy indispensable. 

Draw part of the 
ontHne of a work, 
constructed acc<Mrd- 
ing to this last men¬ 
tioned ^stem, con¬ 
sisting of one redan 
and two adjoining faces; and complete your 6gure by repre¬ 
senting a ditch in front of it. 



Parallel to the 
scarp line, and in 
rear of it, draw 
another set of lines, 
to represent the back 
of a casemated ram¬ 
part. 



In each of the adjoining faces, which dank your redan, draw 
two casemates of a rectangular form nearly, separated from one 
another by an intermediate wall or pier. Represent also tlie 
thickness of the scarp revetment in front of them, but let them be 
open in rear. 


Draw an embra- 
sore, in the front 
wall of each case¬ 
inate, wider in front 
than in rear. 



Each face of your redan is now flanked by a casemated battery 
of two guns, which, being placed sufficiently low, may either scour 
the whole of the bottom of the ditch, or nearly the whole of it; 
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whilst the guns or inusquetry from the ramparts above would not 
be able to see into it, for reasons before explained. 

When the embrasures of a casemated battery are placed very 
low, it is usual to make that part of the ditch, which is immediately 
in front of them, several feet deeper than the rest of it, in order to 
prevent the enemy from approaching too close to them* 

Any part of a ditch, sunk in this manner, is called a drop, as 
was before explained. 

Draw lines to mark the extent of each drop. 

The dotted lines^ 
also added to the 
Jigure, are introduced 
to show the direction 
in which sections are 
afterw'ards to be 
drawn. # 

The drop is of course a dead part of the ditch, but this cir¬ 
cumstance is not prejudicial, the scarp being so much higher there, 
than at any other part, that it is not favourable for an assault. 

To explain the nature of casemates more fully, we shall next 
draw the transverse section of two of them, taken across the 
arches (in the direction marked a b, in our Jigure), 

Draw first a line to represent the level of the terreplein, under 
which the casemates are constructed. 

Parallel to which and below it, draw a second line, at any conve¬ 
nient distance, to represent the door of the two casemates. 

Mark points on the last drawn line, to show the thickness of the 
walls, and the breadth of the two casemates, from which points 
raise perpendiculars of equal length, to show the height of the 
walls, from the floor of the casemates to the spring of the 
arches 
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Then draw two arches, which 
you may make senucircular, it 
being understood, however, that 
diis fmm is not always used. 

Over each arch, draw' a ridge like that of a common roof, to 
4 dbow tbe manner in which the masonry of caseinates is usually 
finished at top. 

Draw also the foundations of the walls of your casemates, 
giving them an offset on each sidi', in the iisiiul manner. 

And in the center of each 
casemate, a little above the 
floor, draw a small figure arched 
at top, so as somewhat to re¬ 
semble the casemate itself in 
form, but on about one fifth 
part of the scale only, and with a segment arch rather flat, instead 
of a semicircle. 

The transverse section of your two casemates (on the line a b) 
is now complete, the small figures, which were last draw n, being 
supp<Hied to represent the casemated emjbrascres seen in 
elevation. 

'When casemates are built for the purpose of accommodating 
troops, it is desirable that they should not be less than 16 feet wide, 
io order to afford room for a double row of soldiers’ beds, with a 
passage in the middle. 18 feet will, of course, be still more con¬ 
venient. When intended chiefly as batteries, a width of 14 feet it 
ififlicient. 

In a range of casemates, or other bombproofs, the same terms 
apply, which are used in speaking of a bridge, or any other work 
composed of a series of arches, the intermediate walls being called 
VISES, and the end walls the abutments. 
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Bombproofit are aometimes but not often constructed with two 
stories. When there is only one story, tlie piers are seldom made 
more than 6 or 7 feet high, measuring from the level of the floor 
to tlie spring of the arches, and they are scarcely ever made less 
than 3 feet, or more than 6 feet thick. 

When the Uiickness of the piers of a range of boinbproofs or 
casemates is inconsiderable, it is usual to make the abutments 
much stronger than the piers; but when the piers themselves are 
thick, or when the abutments terminate on a terreplein or mass of 
earth, this precaution is less necessary. 

In building casemates, after the loof is formed wifli masonry or 
brick work, the whole surface of it is covered with water-proof 
cement, and sometimes for greater security the ridges and gutters 
are leaded. In tlie lattci, small drains arc formed with a proper 
slope, in order to receive and carry off the rain water, which soaks 
through from the terreplein. Then a couple of courses of dry 
bricks are placed o^er the remaining parts of the roof, in tlic 
lowest of which the bricks are laid at such intervals apart, as to 
form narrow channels, leading perpendicularly down the slope V* 
the main drains before mentiuncil, with which they communicate. 
This being done, a (jiiantity of shingle or pebbles is next applied, 
the largest of which are placed at bottom. These are afterwards 
covered w ith a layer of clay, over which common earth or rubbish 
is thrown in, until the terreplein is raised to its proper level.^ In 

* The clny is intended tu prevent the particles of common earth from 
sinking into the intervals between the shingle mid dry bricks, which in 
course of time might (ill them up, and impede the water from ruauing 
down along the slope of the roof into the gutter. 

The mode, above described, has beeu very generally adopted in our 
casemates in this country. In certain cases, however, the dry bricks, as 
being of too porous a nature, have been omitted, shingle only being used 
immediately over the cement; and some engineers are of opiniem that 
this last method is the beat. 

It may be renuuked, that notwithstanding the care used in the con- 
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i^ort, unless th^ greatest care taken, in northern climates, the 
casemates must necessarily be dump; and in this case, the expense 
laid out in their construction will be, in a great nieastire, thrown 
awajtf for they will neither afford wholesome quarters for troops, 
nor will they even be fit for the reception of dry stores. Some* 
times therefore, in addition to the precautions before mentioned, 
particularly in small works, the terreplein is paved wilh flag stones, 
or covered with cement, to prevent the rain \\ ater from peiictruting 
below the surface. 

To complete our explanation of the natiiie of ca^einate^, we 
shall next draw a longitudinal section, supposed to be taken 
through the middle of one of tljose represented in a fonner figure, 
on the linCf c d. (See page Sfl).) 

Draw the section of u reveted rampart complete, but without 
any counterfort; and also without the interior slope, in lieu of 
which you will substitute a perpcnuiculai, to ^how the back of the 
proposed casemate. 



Draw a horizontal line extending as far as the back of the 


ftraction of them, there are few or none of our raiurcs of casemates in 
England, thorougtily free from damp in every part. 'I’hc grand object of 
rendering them wholesome an<i fit for the rcccjition of troops and stores 
bas however been gaineil, which without the above precautions could not 
possibly have been effected in so moist a climate. A much more certain 
and effectual mode would be to cover the rools f)f casemates entirely with 
lead, before the rubbish is laid on; but the expense is ati objection. From 
St Paufs remarks upon casemates, it may be iiiferrcd, that those which 
have been constructed by t!ic Frciieh engineers are much uilciinr to ours. 
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scarp revetment, in order to represent the floor of the casemate, 
which in most cases is placed some feet lower than the orig^al 
ground line. 

Draw another line parallel to it, at the proper height above it, to 
represent the under part of tlic arch. 



Above your last drawn line, draw a third line also parallel, to 
show tlie ridge or top of the masonry; which being done, the 
space, comprehended bet^\een these two last drawn parallels, will 
represent the thickness of masonry over the crown of the arch. 

The rubbish, laid upon the arch of the casemate, will of course 
require a wall to retain it in rear. You will therefore draw a small 
retaining wall accordingly. 



The casemate, represented in our present 6gure, being con¬ 
siderably higher than the general level of the ditch, would not 
require any drop. 

In order, however, to show this last-mentioned construction, you 
will alter your figure so as to represent a casemate with a drop m 
front of it, which is supposed to be excavated beneath the general 
level of the ditch of the casemated rampart: and draw a small 
revetment for tlie counterscarp side of your drop. 

Draw also a couple of lines across die scarp revetment, a little 
yOL, 11. B B 
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aibove the floor of flie casemate, in order to represent the casemated 
embrasure. 



In former times the arclie;* of bombproofs were generally 
made semicircular, but iu some cases, ‘-ognu nt arclies of fiom 
90 to 120 degrees \\cre used. Of late, lio\M\er, parabtdir arches 
have often had a preference given to them in the Ilntish service, 
the rise of which lias usually been made equal to half their 
span. All tlie new casemates at Dover have been constructed iu 
this manner. 

In a range of bombjiroofs 01 casemates, doors or passages of 
communication are usually made iu every pier, from one end to the 
other, in addition to which small aii-holes arc also frequently cut 
through them for the purpose of ventilation. When there is no 
embrasure for cannon in the fiuiit wall of a casemate, one or more 
loop'holes are usually, but not always, cut in it, for the same pur¬ 
pose. Vertical air-holes are likewise sometimes cut through the 
arclies of casemates, which terminate at top upon the terreplein. 
There they arc usually made very narrow, in order to prevent shells 
from falling into Uiem, bnt tliey may be much wider at bottom. 
These holes not only create a circulation of air, but are useful in 
carrying off the smoke when the guns are fired, which is a very 
great impediment to the service of casemated batteries. 

In casemates intended for the use of troops, fire-places are made, 
the flues of which are usually carried up through some part of die 
parapet; and such casemates arc alw'ays inclosed in rear by a wall 
of moderate thickness, like that of a common dwelling house^ 
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having a door, and two windows, one on each side of it, and some¬ 
times a small additional window over it.* 


* The dimensions of some casemates, which bavo actusBy been 
executed, arc us follows. 

1st. The casemates in the left demibastion of Fort Ricasoli in Malta, 
are 35 feet 8 inches lou^?, b> 20 feet 6 inches wide. The piers arc 7 feet 
thick, with two doors of coinmiMiication in each, and 5 feet 6 inches high, 
up to the spritii; ol the arches, which aic* sctiiicuculur. There arc embra- 
Miics at the lici^rht of 2 fcc't 1 iiiclu's abo\(‘ the (litor, the interior diniciisiona 
of which arc 2 feet 3 inches in width bv .3 feet in height, their exterior 
dinnnisioii.s being 7 (eet in width h\ 4 feet 3 inches in height. The thiek- 
iiess of the sc:u‘p wall, through wdiiuli tli<*v are picieed, is 6 feet 8 iiiehcs- 
Aii air-hole, nc'arly vertical, is cut in the arch of each casemate, towards 
tlie lioiil ol if, the dinieiisions of which arc 1 foot 0 inches hv 2 feel at top, 
aiiil 1 lect 6 nil lies li> 5 lectat holtom. These casemates aic open in rear, 
with the exception ol a thin wall raised 0 or 4 feet only aho\e the floor. 
Se\eii of them contained liea^n gnus, which, for the sake of experiment, 
were lirc'd five or six limes as quick as possible, and the smoke was found 
to go c»rt pretty fieely. 

Cd. The* easeinales in the King's and Orange haslion.s at Gibraltar have, 
1)> long experience, been found good healthy quarters for troops. They 
are all about 16 feet wide, and ol the same height up to the crown of tho 
arches, winch arc semicircular. Tlic pieis are abc.nt 5 feet thick, with a 
dnoi of eommiinicafion in each. The King's hastioii casemates arc about 
40 feet long, and have no openings in tlie scarp wall in front, nor any air¬ 
holes to produce a thorough draft. 'I’hc thange bastion casemates are 
about 90 or 100 feet long, each having two iiairow looj>-holcs in trout 
towards the hay, and tlirec* vortical aii-holos cut iii the arch, which at top 
arc only about 4 or 5 inches wide. 

3d. The casemates in the new couiitcrguard at Gihralfar are 16 feel wide, 
and of various lengths according to the width of the rampart, whieli is 
irregular. They are about 6 feet high to the spring of the arehe.s, which 
arc segments of 90 degrees. They have embrasures in front, and a door 
of communication in each pier. 

In sonic new ca.semate.s, which 1 am informed have lately been con¬ 
structed at frihraltar, the width is 18 feet, vvhieli may he considered a 
more convenient dimension for tJie ucconiiiiodatioii of troops. 

4tli. The casemates at Cumberland I’ort near Portsiiioutli have been 
inhabited for many years. They arc each 08 lect long by 14 feet wide. 
The piers are 5 feet thick, witJi two doors of comuiuuicatiou in each, aud 


Ji li 
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Powder magazines are of two kinds, large and small; 
the larger serving as the principal stores of tliat article, are 
often placed in retired situations ; whilst the smaller ones, usually 
Styled expense magazines, ser\e for the daily expenditure of 
the garrison, and are diereforc distributed in various parts near 
^the piincipal works and batteries. 

Vauban usually made his principal powder magazines, each 64 


i feet high up to the spring of the arches, Avhu'h are segmenfs rtf 12() 
degrees, nearly, their rise being 4 leet. In each easeinale there is u 
fire-place, and either an embrasure or a litop-hole in front. 'J'he average 
depth of the crown of the areh below tiu level of the terreplein is about 
7 feet 6 inches. J'hc new easeniates, laid} constructed at Suuthsea 
Castle, have also arches of fJO degrees. 

5th. In the casamated cavalier near the left of Chathaiii Lines, the 
soldiers' ca.seniates are 61 feet long b} 17 teet wide. 'Die) are two stones 
high. The bt ight of the lower itoi} is 10 feel below the joists, vvhieh 
support the wooden floor above it. The height of the upper storv is 11 
feet from the floor to the crown of the boml>i>roof arches, which are semi¬ 
circular. The pieis arc 1 feet thick, with one door of coiniiiuiiiealioti cut 
through each of them in the upper story, and tliree air-holes in the lower 
one. *1 he abutments are about 9 feet tbiek. 'Lhe front and end walks of 
the lower stoiy arc sunk in the terreplein of the lines. In both stories arc 
fire-places, and the upper rooms have loo{^-holcs in front, one on em*h sidn 
of the fire-place. A gallery of wootl, su|>purted by brick piers, runs along 
the whole extent of Ihe lower rooms, tin; top ol which being secured by a 
proper railing, .senes as a corridor for llie upper story, and is ascended by 
a flight of steps at each end. A gallery of tlic above description, or rather 
one arched over at top, for greater .security, is very u.scfui in all casemates 
built with two stories, for it not only alfurds the most convenient mode 
of conimuiiicaliiig with the upper story, but serves also as a place of 
parade for the men in bad weatlicr. 

6th. In the fortiricatioini coiistriieled on the Western Heights at Dover, 
the principal easemali's arc 77 feet long by 18 feet wide. The piers are 
4 feet 1 inch thick, with one door of cninmunication in each, and 8 feet 
high, up to the spring of the arches, vvhieh are parabolical, and have a rise 
equal to half their span. There arc three liic-placcs in each casemate, and 
one embrasure in front. 

The whole of the above described eascmate.s, excepting those of Fort 
llicasoli, are inclosed in rear by a hack wall, having a door and wmdows. 



POWDER MAGAZINES. 


m 


feet long, by 26 feet 8 inches wide, in the clear; the whole being 
covered by one large semicircular arch. The side walls or piers 
were 8 feet 6 inches thick ; and their interior height was about 6 
feet 6 inches above the level of the wooden fioor. The end or 
gable walls were 4 feet 3 inches thick, in each of which ^as a 
small window near the level of the crow'n of the arch. The door 
of the magazine w'as also placed at one end. Each pier was 
strengthened by 4 buttresses or exterior counterforts, about 6 feet 
4 inches wide, projecting 4 feet 3 inches beyond the rest of the 
wall, and placed at intervals of 16 feet apart from center to 
renter. In all the spaces between the adjoining counterforts 
were air-holes, cut in the side walls, about 3 or 4 inches wide and 
18 inches high, not earned on in one continued straight line, but 
winding to the right and left round a solid die in the center of die 
wall. The arch was 3 feet 2n inches thick, above which a ridge 
was formed, so proportioned, that the total depth of masonry over 
the crown of the arch was about 8 feet 6 inches, whilst the angle 
formed by the tw o sloping sides of the roof, was obtuse in a very 
small degree. Tlie foundations of the walls, and buttresses, were 
greatly increased at bottom by means of offsets, in the usual man¬ 
ner. Foi furthcT explunatioii, a figure is annexed, in which the 
plan and section of a magazine, so constructed, arc represented in 
outline. In the section, which is supposed to be taken through the 
center of one of the air-holes, a door and window and two but* 
tresses are seen in elevation. 


Vauban’s powder magazines, as above described, were calcu* 
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lusted to coBt&ia 1050 bairLl*«, piled in tiers of three barrels 
each in height md by inci easing tiic number of tiersi mIiIcIi may 
be done to a certain extent, the quantity of gunpowder may be 
increased in proportion. 

In our powder magazines in tlie British dominions, the arches 
bare never been made so wide as the above ; and thercfoie, when¬ 
ever a considerable interior capacity was required, the body of the 
building has generally been foinied of two or moie aiclies, con¬ 
nected together hy intermediate doors or passages left in tlic 
piers.* 

For example, in Tpnor magazine, near Chatliain, there are four 
arches, each 88 feet long, h> IJ) feet wide, in tlie clear, with 
piers 4 feet thick, abutuieiiLs of 10 fret, and end walls equal to 
the piers in thickness, "llie height from the level of the lloor to 
the spring of the arches is f) fed (> inches, and the laltei, wliuh 
are of the form called catenarian,f have a rise equal to half their 
span, and are 3 feet thick. Tlie total depth of niasonrv at the 
crown of the arch is 7 feet. In every pier there arc live interior 


• In two powder magazines of equal length and inlrrior rapacity, and 
whose arches arc of c(|iiat tJiickness, that vvliM'h is formed v\ith one very 
wide arch, is weaker than another formed of two smaller arches, Ijocanso 
the slrrnglii of an arch, like that of a beam of timber, is diminished in 
proportion to the distance between the piers wbieb support it. V'aiiban's 
plan was therefore explained, not as being a good model to follow in prar- 
tice, the arch being ecitainly too wide, but from the circumstance, that 
experience has repeatedly proved it to be Inmibproof. 

f When a chain is suspended between any two fixed points, it forms a 
peculiar curve, the chord or span of which may be made to bear any given 
proportion to the height, by increasing or diminisliing the lengtii of the 
chain. The curve, thus found, is called a catenvrian ci'RVK, which, on 
comparison, will be found to differ very little from a regular parabola of the 
iqMne spaa and height 
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doors or passages of roiniuimiraf;<tn at< iM^d at top, each 5 feet 
wide and about 7 feet hi^li. Ever) division of the magazine has one 
door and window at each end, besides viliich diere is one door in 
the center of each of tlie abutments or side walls. There are 20 
air-holes in the body of the magazine, 8 of which are pierced in the 
end walls : besides which there are IG air-holes leading from the 
outside of the buiidiiig below' the floor. 

The roof is formed of paving tiles laid in common mortar upon 
the masonry of the* ridges, the gutters only being leaded. This 
powder magazine will hold conveniently about 10,000 barrels, 
jnic'd in tiers of nine barrels high.* The section of it is as 
follows. 



* Powder magazines are usually dnuled into certain spaces railed bays, 
by wooden pCKsIs or uprights, coiincclcd logcther at lop and bottom by 
open lramo-w<trk. A hay, 17 feet o inehes long by 5 feet 6 inches wide, 
and 11 feet 2 inches high, will hold 312 eommoii harrcLs, eaeh containing 
OOllis. of loose powder, piled nine higli. in alternate eonises of twelve and 
cloven barrels cacli, placed side to side; the pile l»cing three barrels wide, 
which, in this direction, are laid end to end. A hay of the same length and 
height, hut about 6 inehc.s wider, will hold 1295 quarter barrels of niiisqiict 
ball cartridges, roiitaining 500 rounds each, and piled fourteen barrels 
high, ill conrsc,s of nineteen and iMghlecn barrels allcrnatcly laid side to 
side, the pile being live barrels w ide. In Upnor magazine tbeie are two 
bays in the width of every areli, so that passages arc left between the 
parallel bays, as also between each hay and the piers or abutments. Trans¬ 
verse passages arc also left, one in the center and one at each end of the 
magazine, which ha,s 52 hay.s in all. Some of them aic, however, rather 
larger tiian the above specitied dimensions. Small moveable capetans, 
placed under the crown of each aich, are used for raising and lowering the 
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Somctiines powder magazines linvc been formed with groined 
AIICHE 89 that is to say with t\\o sets of arches, of equal iieight or 
nearly so, intersectiug each other at right angles. In thi.s method 
there is some sa^ng of materials, and a greater interior space may 
be gained, because instead of intermediate jiier walls, extending in 
a continued line from one end of the magazine to the otlicr, as in 
ihd former construction, there are only small pillars of about 4 or 
5 feet square at the utmost, which may be placed at considerable 
intervals apart, and from which the groined arches spring in con¬ 
trary directions. Tiiis construction has, however, been seldom 
used, being less simple and weaker than the former mode, besides 
which the formation of the arches and roof is mntli more troubh'- 
sonie.* 


barrels. The conslnirlion of Upnor poH»lrr inaj^azinr ha.s, in cmcral, 
been veiy highly appnned, it being both <lrv ami ronnnodioii.s. 

Barrels, coiilainnig gunpowder or cartridges, are .seldom piled higher 
Ilian the above-meniiotied height, and whim so piled, they require \ery 
strong uprights to resist their lateral prc.ssure. 

• The ridges, &.c. of the roof of a powder magazine, eonstrurfed with 
groined arches, are so disposed, that four gutters must neeessarily iiitersert 
each other, in rontrary directions, over r\rry square pillar, in conseqiieiico 
of which, deep hollow s are formed in \arious parts of the roid', from wlience 
the rain water cannot be carried oif, except by vertical drains leading down 
into the body of the magazine. 

The pow'der magazine at Tipner Point, near PoHsmouth, is built with 
groined arches. Its dimensions between the four exterior walls are 87 feet 
by 61 feet 6 inches in the clear. There are throe main arches, of a parabolic 
form, in the width of the building, each 17 feet 6 inches w'ide, springing at 
the height of K feet 9 inches from the floor, and ha\irig a rise equal to half 
their span. There are two ranges of pillars in the width of the building, 
each 4 feet 6 inches square, which in one direction support the main arches 
above described. In the contrary direction, they support the arches that 
form the groins, which are equal to the former in height, but of a much 
smaller span, the center arch being only 5 feet wdde, and the others 7 feet 
'The number of these transverse arehes is seven in all, in the length of the 
building, the first and last of which terminate, however, not on square 
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With respect to the roofs of pow(]er magazines, and other boiiib<> 
proofs, which are not covered at top with some feet of rubbi^, 
like those of caseinates, it is prurient, on that account, to add to 
tile tiiicknrss of masoiirv, in order to make them equally secure 
against shells; * but the same precautions gainst da4p are 
imnecessarv, for the common slates or tiling, &c. used in 
dwelling houses, are quite siiilicient, provided tliat the ridges and 
gutlers are leaded. Much however depends upon the pitch of the 
roof, which ought to be rather steep than otherwise; the low 
pitch, n (iiMimeiKled b\ some architects for the sake of beauty, 
beiUE unlit for nortliciu climates.f Sometimes, as in Vauban’s 

n ' 


pillars, likt' the otliers, lint on abutment piers 4 feet 6 inches thick and 
6 teei 0 niclies loii";, eii:<{igeil in the end wallji of the magazine, which are 
5 ieet tliiek. Tiie lliiikne.s.s of the side walls is 6 tret. The dimensions 
oi the walls, and pillais, below the level of the floor, aie gieatly increased 
1>V meaiiN ol olKeUs, No ridges of masonry wore formed above the arches, 
txit the whole edifice was coveted with a wooden roof, and then sheeted 
ovt'r witli copper. 

• A shell, falling on flic ground, seldom penetrates more than 3 or 4 feet 
in slid earth, t'onseipiently it will be evident, that when a casemate is 
eoviTcd with M’veial fret of earth or rubbish, above the arch, the shock of 
• shell striking the roof, must be greatl} deadened before it can ae( upon 
the nia.sonry. Jtut if no earth were used, tin* eflocf of shells, falling repeat* 
ediy upon the same part of the roof must be .similar to that of shot, fired 
from a breaching battery against a revetment; that is to say, a considerable 
number of them might, at first, strike the masonry without iiiateriailj 
injuring it, but iii the end the} would force it in. No boiuhproofs, excepting 
those which arc covered with some feet of earth at top, would therefore, 
jitrictly speaking, deserve that title; if it were praeticablc to direct <ha 
flight of shells from a mortar, with the same arenraey, wherewith balls may 
be fired from a caniiun. I'ortuiiately, liowcvcr, for the sceuiify of such 
buildings, this is absolutely impossible. 

f Of two pow'der magazines, built at Plymonlh, nearly at the same time, 
and with the same materials, roofs being formed over Uie arch of each, of 
good timber covered with patent slating, but of which the one had rather a 
steeper pitch than the other; the former was always dry and in good 
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maganneSf timbers are applied beneath the tiles; but tins is quite 
saperdaoopi srben the niasoury is itself formed with a proper 
ridge. 

Powder magazines are usiiully provided with double doors and 
srindow shutters, which are made of thick materials, and co\ered 
with copper. Tlie winding air-holes, before mentioned, are also 
cohered, both inside and out, wuh copper plates, having a gieat 
number of small holes perforated in them. And as an additional 
security to powder magazines of an) importance, an inclosing 
brick wall, 10 or 11 feet high, is usnuliv built round them, at 
the distance of about twehe feet. No iron oi sUel arc e\cr 
permitted in the construction of ponder inagaziiits, thcM* metals 
being liable to strike tiie. The tlo()i> are foinud of hlrong 
planks, with joists below them, winch are suppoitcd by low 
brick walls or piers to keep them div ; and care is always taken 
to produce a proper ventilation below the llooiing. 


Formerly the gunpowder of fottresses was generally placed in 
towers or casemate*-, near or uiuler the rampaits of the main 
inclosLirc. But it being found that, in cases of j vplosion, maga¬ 
zines, so situated, occasioned practicabli breaches in the body of 
the place, and thereby rendered tlie fortress untenable, a rule ha» 
since been adopted, either to remove the principal magazines from 
tlie vicinity of the ramparts altogtther, or to place them in the 
center of emptv bastions, vvhcie, if any accident takes place, tlieir 
destruction will not lay open the fortress to an assault. 


preservation, v^liilst the latter, altlioiigli the difference in the slope was 
by no means eonMilcrai.ie, was generally damp, and on inspeelion, il 
was found that the tunbets were beginning to ri»t; in consetjiience of 
which it became necessary to laisc it. To the he'll of my recolicctinu, 
the pitch of the roof of this defective magazine was equal to one third 
pf the width. 
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Expense magazines are similar iii construction to the 
fonncr, being also made bombproof, but much smaller, and 
consisting of one arch only. 

Having sufliciciuK explained the nature of powder magazines, 
we shall next treat of galleries. 

A gallery in a regular fortress is usually arched over like n 
caseinate, but it is much lower and narrower, and general]/ 
longer. 

A galloiy is often crcnnelcd, or pierced with loop-holes, for the 
use of imis(|iictry. 

Loop-holed galleries are commonly placed at or near the salients 
of the couiiterscaip immediately under the covered way, their 
arches being supported on one side by the counterscarp revetment, 
and on the other, by a wall built parallel to it. 

In the first figure which represented the plan of your casemates, 
rub out cM'ry thing except the scarp and counterscarp lines of the 
woik, which was supposed to be built according to the redan 

5\slein. 

This being done, we 
shall proceed to draw a 
crenneled counterscarp 
gallery in the usual form. 

Parallel to your coun¬ 
terscarp line, draw a 
second line to represent 
the thickness of the coun¬ 
terscarp) revetment, w’hich 
is to serve for one of the 
walls or piers of ilte gallery; and which must therefore be built 
without counterforts. 
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Set off • sufficient 
^ce to represent the 
biesddi of the gallery, 
and drew two new lines, 
sbo parallel to the fur> 
rear, to diow the thick¬ 
ness of the back wall; 
which being done, draw also the end walls of your gallery. 

Then draw lines across 
die counterscarp revet¬ 
ment, to represent tlie 
loop-holes of the gallery. 

It will now be evident, that an enemy, after penetrating into the 
ditch, cannot scale the redan, without being exposed to a reverse 
fire of musquetry from the counterscarp gallery. 

Sometimes, but very seldom, casemated batteries have also been 
placed under the counterscarp. 

In order to explain more clearly 
die nature of counterscarp gal¬ 
leries, w'e shall next draw the 
section of one, previously repre¬ 
senting a ditch, covered way, and 
glacis, in the usual manner, but omitting the counterfort of the 
counterscarp revetment. 

Behind your counterscarp revetment, and on the same level with 
the ditch, draw a right line to represent the floor of the gallery, 
from the extremity of which, raise a perpendicular, to show the 
interior height of the back wall, and draw a semicircle to represent 
the arch of the gallery, observing however that tliis form, although 
very common, is not always used. 
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This being done, complete your back wall by drawing the exte¬ 
rior side of it; and draw the roof of your gallery, representing it 
with one sloping side only, leaning against the counterscarp revet¬ 
ment. Complete also the foundation of the walb of your gallery, 
giving them olfsets in the usual manner. 

Lastly, draw two lines across 
the couuterstarp rcvctmetit, at any 
convenient height, to represent a 
loop-hole. 

In addition to the loop-hole, represented in our present figure, 
it is conunon in a f ri.nneled counterscarp gallery, to 
form air-holes, also terminating on the counterscarp, but on 
a much higher level. 

7’hese air-holes are usually formed in the proportion of one to 
tveiy thiec loop-holes, and are intended for the purpose of carry¬ 
ing off the smoke in lit mg, which is exceedingly troublesome. 
This inconvenience would be effectually obviated, by having a 
store of cross hows and arrows, in evciv fortress in which such 
galleries are common, to be issued when necessary, for the use of 
the defenders of these galleries, in lieu of the common firelock. 

Crenneied galleries for musquetry should not be less than or 
8 feet wide, and thev slionld be at least 81 feet high to the crown 
of the arch, otherwise there will not be room for loading and 
firing conveniently, with the common infantry firelock.* 

Counterscarp galleries, such as have been described, are in 
common use. The principal objection urged against them is, 
that they do not contribute materially to the defence of a fortress. 



• The soldier in returning his ramrod after loading, requires a space of 
at least 8 feet perpendicular height, to do it fie«‘ly. Much less would suf¬ 
fice by using constrained attitude.s, but it is best not to put men outot' their 
WM}, without absolute iievessity. 
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iwlien regultrly attacked ; for an enemy may penetrate into and 
either destroy or occupy tluin by mining, without bein" exposed 
to their reverse fire: nor doe*' this process add to the usual lubouis 
of a regular siege, because mining is in ail cases indispensably 
necessary, in the attack of fortresses with good reveted counter¬ 
scarps, in order to foim a convenient descent for the besiegers, 
from the glacis or covered wav, to the level of the ditch. And it 
•will be evident, that a counterscarp gallery, thus taken, may be 
very useful to the enemy in his ulterior ojieralion'j, alilioiigli pre¬ 
viously of little or no u^c to the garii'on. Jf however a ha^ly 
assault should be ventured by tlie besiegers, wilhout first making 
tlienibelves masters of the counterscarp gallery in the above man¬ 
ner, there is no doubt but that the fire of tins work would oppose 
a most formidable obstacle to tiieir success. 

Sometimes a counterscarp gallery' has a strong door opening into 
the ditch of the fortress, from whence it conimunicutes with the 
main inclusurc by means of tlie common sallyports. 

Sometimes, for greater sccurit}, there is an uiulerground or sii]>- 
terraneous communication, bcneatli the level of the ditch, which is 
arched over with a ridge like that of a casemate, and is called a 
communication galleiy. 

Communication cALLURiEsarc placed wherever it is judgcxl 
most convenient. In our present tigure, a gallery of this kind 
might be formed iu die direction of the capital of the redan. 

Draw two dotted lines 
to represent the position 
of your communication 
gallery accordiugly. 

This gallery being much 



lower than the counterscarp gallery, td 
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^hicli it leads, it will be necessary to have steps at »he end of it. 
But tlie manner in >vhich these may be most conveniently placed, 
vill be so easily uiidcrstouri, that ym shall not represent any in 
our ])resent figure. 

The section of a communication gallery shall next be drawn. 

Draw first a right hue to 
rrpiesont the geneial level of ^ 

the bottom of the ditch ; below 
which and parallel to it, draw a 

second Imc to repn'sent the floor of your communication gallery; 
and rai-iC peipcndiculars of equal length, to show the interior 
height of the walls up to the spiing of the arch. Then draw a 
semicircle connecting the top of the above peipendiculais, to 
lepioseiitthc uudei part of the arch; and the interior form of your 
coinmiiiii( atioii gallery will he complete. 

Draw the exterior siih's ot 
the w.dh, paiallel to thcii inte¬ 
rior side'* ; drawing also the 
foniulatiou of each, with otiVets 
in the u iia! manner. I'hen draw the top of the gallery^, with a 
lidge like that of a casemate; which being done, your section will 
be complete. 

Sometimes communication galleries are not entirely buried 
under ground like our present one, but only jiartially so; and in 
that ca^e, they generally have loop-liolcs for musquetry, to flank 
the ditch on each side of them. 

A gallery of tliis last-mentioned description is called a case- 
mated CAPONiEii, because it is intended for exactly the same 
purposes as the common caponier, that is to say, partly as a com¬ 
munication, and partly as a post for musquetry. 

To represent the section of this kind of work, draw a gallery 
similar tb the former, but placing the floor of it on the same level 
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with the bottom of the ditch; and then add to }'our figure, by 
drawing t loop4iole in each of the bide w alls. 



Sometimes a casemated caponier is sunk so much, that the sills 
of the loop-hoJes are on llie level of the ditch. Soiiietinies the 
earth is raised on each side, to the height of the sills, in the form 
of a small glacis. 

Alter your figure, so as to correspond witli Uie last described 
kind of casemated caponier. 



A casemated caponier must be at least 0 feet wide; otlier- 
wise it will be impossible for men to fire conveniently, at the same 
time, in contrary directions: 11 or 12 feet will however be still 
better. It should, for the same reason, be about 9 feet high, from 
the floor to the crown of the arch. Tlie floor of a casemated 
caponier cannot conveniently be sunk more thon 4^ feet; and 
therefore if we suppose the arch to be 3 feet thick, and formed 
with a moderately sleep ridge, the total height of the masonry can¬ 
not be less than 9 or 10 feet above the level of tlie ditch.* 


* Unless there arc a couple of steps left as banquettes oii each side, and 
then the caponier may of course be sunk lower; but this will render it less 
convenient as a communication, by taking from its width. 

Sometimes crennelcd galleries have been established under the two para¬ 
pets of a common caponier, with loop-holes on one side of each gallery only, 
facing outwards. In this case, the parapets of the cajHinier do not termi¬ 
nate in the form of glacis, but have small ditches in front of them, the 
scarps of which are formed by the exterior walls of the galleries. This 
conatrucUon consfitutes what is called a double casemated capodler* 
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Galleries and caseinated capoiiiers, not being usually iutended as 
a resideiK’e for tiuops, are seldom roofed with the same care aud 
preenlitiuns bestowed upon casemates. It may, however, be ob> 
solved, that with u view' of preventing damp to a certain degree, 
the exterior sides of the walls, as well us the roofs of subterraneous 
galleries, aie often coaled with a casing of dry stones, one or two 
feet thick, applied between them and the mass of earth in wliich 
the y are formed. When this is done, the water, which otherwise 
might settle upon the regular masonry, finds its way through the 
intervals between the dry stones, and is thus conveyed down iulo 
drains, consti ucted beneath the fioor of the galleiT. 


CHAP. XIX. 

OF Sl’BTERnANEOrS FORTIFICATION, INCLUDING THE 
t SL AL UISPO.SITION OF COUN TERMINES, M ITH THE 
NATURE AND EFFECT OF MILITARY MINES IN GE¬ 
NERA I.. 

A military mine is a subterraneous gallery or excavation, by 
moans of which you may advance near to, and immediately under, 
your enemy’s woiks or lodgements, in order to blow them up with 
gunpowder. 

7'he art of planning and executing mines of the above descrip¬ 
tion, is called su bt^kraneols fobtii’ICATION. 

Military mines may either be ofFonsive or defensive. 

When the term ** mines” is used without further explanation, 
it alw'ays implies offensive mines, or those which arc formed 
by a besieging army in the course of a siege. 

Defensive mines being generally prepared before hand, in a per¬ 
manent manner, in order to counteract the operations of any army,^ 
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llitt might at some future period attack a fortressi are called 
COUNTERMINES. 

The galleries of countermines are usually reveled nith brick- 
arork or masonry^ and arched o\er, so that their profdcs dill'er in no 
respect from those of the galleries of coinnuniication, &.c. which 
were before described. It will, however, be understood, that this 
remark does not apply to countermines, e.\cu\ated in rock, which 
of course require no interior revetment. 

The galleries of military mines have different appellations 
according to their size. There ma\ be, for instance, a great 
gallery, a gallerv, and a low gallery. 

A GALLERY implies one, in which a iniddlesized man may 
walk without stooping, and in which two persons may {)ass each 
other without inconvenience. 

A GREAT GALLERV implies oiic, wilich is higher than the former, 
and sufficiently broad for three or four men to walk abreast. 

A LOW GALLERY IS generally not less than 5 feet broad, but it 
is only 4 feet 0 inches high, or thereabouts, so that a iiiau cannot 
walk upright in it. 

Before we proceed further, it is to be observed, that various engi¬ 
neers have proposed various systems of countermines, differing very 
widely from each other, even in cases where the upper works of the 
fortress have been of the same construction. But to describe 
these systems in detail, or to enter into a discussion of the com¬ 
parative merit of any of them, would not suit the plan of my 
present work. 1 shall therefore make such remarks only, as will 
serve to explain the nature of countermines in general, in a suf¬ 
ficient degree to qualify the reader, for afterwards perusing professed 
treatises on military mining to advantage. 

The most useful galleries of a countermined fortress are those 
which extend under the covered way aud glacis, as they serve to 




retard an enemy’s progress, by keeping him at a distance froiri the 
principal works of the place. The most common modes df dis* 
posing such galleries shall now be described. 

Draw the outline of 
a simple front of forti¬ 
fication, dotting the 
counterscarp and the 
crest of the glacis, and 
omitting the lemuinder 
of the latter work, for 
the sake of clearness. 

Thi: principal or main gallery of the countermines, in 
almost eve]} svstcni of subterraneous fortification, is constructed 
close to the revetment of the counterscarp, and often goes all 
round, following the outline of that work; in which case, the 
salient parts are usually made wider tirau the rest of it, and are 
cienneied for the purpose explained in the preceding chapter. 

When a plan is di awn on a small scale, the galleries of counter¬ 
mines are cither rcjireseuted by spaces shaded dark, or by thick lines. 

Parallel to the dotted 



counterscarp of your 
figure, and near it, you 
will tlierefore draw a 
thick line, to represent 
the counterscarp gallery 
of your couutermitfes. 



From THE COUNTERSCARP GALLERY, it is usual to push out 
a number of other galleries, towards the country, which are called 


PIRECT GALLERIES. 


These direct galleries may either be parallel to the capitals of 
the places of arms of the covered way or nearly so, or if you 
think proper, they may be made nearly perpendicular to the long 
branches of the covered way. 


c c 2 



388 ELEMENTARY FORTIFICATION, chap. xix. 


In our ppMeot figure^ 
diere are five places of 
arms of 'the covered 
way. Parallel to each 
capital of tlie above 
places of arms, draw 
two direct galleries, oue 
to the right, the otlier to the left of it, placing tiie whole as 
nearly at regular distances from each other, as is practicable. 

If a place were fortified with countermines according to tlie 
system, now represented, each front would, as you may perceive, 
have a counterscarp gallery and eight direct galleries. 

In your present figure, no direct galleries are shown imme¬ 
diately under the capitals of your places of arms. It is to be 
remarked, however, that Uiis is sometimes done, the disposition of 
countermines being susceptible of very great variety, as was before 
mentioned. 

A more advanced gallery, constructed parallel to tlic counter¬ 
scarp gallery or nearly so, is called an e n velope gal i.ery. 

Those parts of tlie envelope gallery, which intersect the pro¬ 
duced capitals of the places of arms, are usually made perpen- 
chcular to the said capitals, for a certain distance to the right and 
left of their common intersection. Tlie remaining parts of the 
envelope may be nearly parallel to the branches of tlie covered 



way. 


Draw an envelope 
gallery accordingly. 



. When an envelope gallery is used, the direct galleries seldom or 


never terminate there, as represented in our present figure, but 
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are commonly pushed forward to a considerable distance beyond 
it; which may either be done in the same aliinement, or from MW 
points, if you think proper. 

-Add to your figure, 
by drawing eight di¬ 
rect gaileries in front 
of your envelope, six 
of which must be 
formed by producing 
six of your former 
direct galleries; but 
let the remaining two 
start from new points. 

Those portions of the direct galleries, which connect the counr- 
tersenrp gallery and envelope together, are sometimes, from that 
ciicumstance, called communication galleries. 

Those portions of the direct galleries, which are the roost 
advanced under the glacis towards the country, are usually called 
LISTENING GALLERIES, because the miners of the fortress 
besieged keep watch there upon the enemy’s operations. 

Consequently, in our present figure, there is a counterscarp 
gallery, an envelope gallery, and direct galleries; the latter con¬ 
sisting, partly of communication, and partly of listening, galleries. 

Some writers have recommended that there should be more tliau 
one envelope gallery; but it is unnecessary to draw a new figure to 
exemplify this construction, as the diing may easily be understood. 
When there are two galleries of this description, that whicli is the 
most advanced is called the second envelope. 

A transverse gallery is one, which is supposed to intersect 
the direct galleries nearly at right angles. This term, however, is 
seldom or never applied to any gallery of considerable extent, such 
as the envelope, but denotes a short gallery, perpendicular, or 
pearly so, to the produced capital of a place of anus 
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. Hub out al) your gal> 
leries, except the coun¬ 
terscarp gallery. 

]Drai 7 a transverse srallerv, in front of each of your three salient 
places of arms ; and connect the flanks or extremities of lliese to 
your counterscarp gal¬ 
lery, by direct galleries. 

It is not, however, 
necesscry, tliat direct 
galleries, constructed for 
this purpose, should 
extend in the same 
continued right line: thev mav either curve a little, or form an 
angle. You will therefore draw the new direct galleries, in your 
present 6gure, accordingly. 

From the center of 
each of your three trans¬ 
verse galleries, draw a 
listening gallery; and 
from the reentering 
angles of the counter¬ 
scarp, push out direct 
galleries, in the alline- 
mento of the capitals 
of the txvo reentering 
places of arms. 

It was before observed, that there may be two envelope gal¬ 
leries, and in like manner, there may be more than one tiaiisverse 
gallery, in front of the same work. 
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Draw a second or 
more advanced trans¬ 
verse gallery in front 
of your ravelin, and 
from the extiemities of 
it, push forward two 
new listening galleries. 




Instead of direct, and transverse or envelope galleries, intersect¬ 
ing each other perpendicularly, or nearly so, galleries may be 
]>ushcd out from the counterscarp, so as to intersect each otlier 
ohliquclv, in the form of the letters X or Y. 

Rub out your figure. 

Oraw dotted lines to represent part of 
the covered way, in front of the salient 
angle of a bastion, ravelin, or other w’ork. 

And draw also a thick line for a counter¬ 
scarp gallery. 

From \our counterscarp gallery, draw three direct galleries, one 
under the capital, the others at equal distances to the right and left. 

Having continued these direct galleries 
to a certain distance, in the usual manner, 
you will then, from the extremity of each, 
draw two galleries branching off obliquely 
both to the right and left, until the lines 
thus draw'n form tw'o intersections: after 
which you will draw direct galleries to¬ 
wards the country, from the advanced 
points of intersection, thus found.* 




• With a view to give some precise nolinn of difierent dispositions of 
coimlcrmioes, wliicli have boon actually proposed by engiueers, who havo 
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The part, where two or more galleries intersect each oUicr, is 
called A JUNCTION. These parts should be made rather more 
spacious thaii the remainder of the galleries. 

From the various hgures, which >ou have now drawn to illus¬ 
trate the usual disposition of defensive mines, you will have 
observed, that the galleries of coiintennines are laid out in such 
a manner as to intersect the glacis, nearly at equal intervals from 
each other, so that the ground is, by these various intersections, 
divided into spaces or compaih mi:ms, in as regular a nianiier as 
possible. Consequently, on whatever part of tlie glacis an 
enemy may form a lodgement, the miners of the place besieged 
may always advance ^ely near to the ‘^pot, by incan^ of their 
various galleries, which, whiht lhe\ rcniaiu perfect, serve as so 
many subterraneous roads whcieby iiieii may take post in any 
required po'iitioii. 

In order tt> make the most of this advantage, the besieged 
always endeavour to ]urscr\e the principal galleries of their coun- 
tcniiinrs as long as possible; and for this reason, thc\ do not 
lodge the gunpowder, itilendecl for an explosion, in or near to these 
galleries, but in shorter ones, pushed out to a certain distance bom 
them. 

For instance, from the direct galhaies, which advance under the 
glacis, shorter galleries are formed to the right and left, and from 
the transverse or envelope galleries, as also fiom tijc coiinterscai p 
gallenr, short galleries aie in like inanncr pushed out to the fiout. 

The short galleries of the countei mines, now alluded to, which 
are intended for tlie purposes of actual explosion, arc called 
branches. 


written on the snbjeet, the |irr<«riit figure represents iMaroscot’s system; 
the last finished figure (See the firtt figure of page fl(M) represents Moiizt^'s 
aystem; and the former figures (See pages :>88 and 800) represent systems, 
which have been, frequently, cither executed or recuiniueinird. 
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Tiie BRANCHRS are usually much smaller than die galleries 
of the countermines, which, as was before observed, serve priu- 
cipally fur communications, and they are from their dimensions 
distinguished into two kinds, great and small. 

A SMALL BRANCH is barely of such a size, as to allow men 
to work in it; and they cannot move, but on their knees, or by 
crawling on their hands and feet. 

A oRKAT BRANCH is of a medium size between the small 
branch and the low gallery. 

The powder, in military mines, is not lodged exactly at tho 
extremity of the gallery or branch, where tlie explosion is to 
take place, but in a recess, cut some feet to the right or left 
of it. 'Hiis recess is called the chamber of a mine, aud is 
i{sually representecl in r plan by a small square or rectangle. 

Draw two lines, parallel to each other, to represent part of a gal¬ 
lery of the countermines, as for instance an envelope or transverse 
gallery, on a larger scale than that of your former figures. 


From any convenient part of it, draw a branch or narrower 
gallery perpendicular to it, at the extremity of which, and to the 
light of it, draw a small square to represent a chamber; and rub 
out superfluous lines. 


In mining, whenever the direction of a gallery or branch is 
changed to the right or left, the angle thus formed is called 
A RETURN, as is the case, for example, in the chamber repre¬ 
sented in our present figure. 
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Sometimes the same branch, after a certain distance, may lead 
to two, three, or more branches, diverging from it in various 
directioiis, each of which may have a chamber at the end of it. 

Draw a second branch, proceeding from the same gallery, 
parallel to the former, and of the same lengtli nearlv. 

From tlie extremity of tills second branch, draw two shorter 
ones, diverging to the riglit and left, with a chamber at the 
extremity of each. 


Draw a third direct branch, cNtendlng fiom the gnllrry, parallel 
to the two former principal branches, leprcscnted in your iiguie, 
and of the same len^tli nearlv. 

^ m 

From the extrcinitv of this third branch, draw tliree shorter 
branches, diverging from it, one in the same allinement, the oilier,s 
to the right and left. Draw also a chamber at the extremity of 

each. 

n 



Draw a fourth liircct branch, extending from the gallery, 
parallel to your three former principal branches, and of the 
same length nearly. 

From tlie extremities of this last branch, draw two shorter 
branches to the right and left, in a perpendicular direction, and 
let each of these also diveige into two new short branches at 
right angles to it. 
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And at the cxtrcniitv of each of tlie four last-znentioned bmnc^s, 
draw a chamber. 


rp 


j I_I L. 





Your fijjurc now represents part of a nailery of the counter? 
mines, from whence proceed four principal branches, leading to 
ten chambers. 

It is here proper to obser\’e, that although tlie term mine” is 
general, and may apply to the whole of any excavation, however 
extensive, it is in military language often used in a more limited 
sense, so as to denote that portion only, which is actually prepared 
for the purpose of explosion. 

For example, our present figure may be said to represent a 
gallery, Mith branches, in tlie latter of which several mines are 
supposed to be established. 

The mine, formed at the extremity of your first branch, is called 
A STNGLF. MINE, liaviug Only one chamber, and consequently 
being only capable of producing one explosion. 

The two mines, formed near the extremity of your second 
branch, constitute what is called A double mine, as they pro¬ 
ceed from the same junction, and may be fired together. 

For the same reason, the three mines near the extremity of the 
third branch constitute a triple mine ; and the four mines near 
the e.xtrcmity of the fourth branch constitute a quadruple mine. 

Double, triple, quadruple, &c. mines, being intended to pro¬ 
duce simultaneous explosions, are called conjunct mines, in 
order to distinguish them from single or independent mines. 

It is to be observed that the term ‘'springing” is often used 
to denote tlie act of exploding a mine; so that a mine, when' 
exploded, may also be said to be sprung. 
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In tbe defence of countermines, after all tlie branches leading 
from any part of an advanced gallciy are used, die mines at the 
extremities of them, having been bred in order to annoy the besieg- 
efs, so that the ground there is consequently no longer favourable 
fof the formation of new branches; it is then usual for the besieged 
to destroy that part of their gallery, for the purpose of preventing the 
enemy from penetrating by means of it;* whilst the> themselves 
retire to their remaining galleries, of which diey make successively 
a similar use. 

In short, in subterraneous warfare, the same rule is followed, as 
in defending the upper works of a fortress. The most advanced 
parts are resolutely maintained, and the ground disputed inch by 
inch, in order to retard the enemy’s progress, and keep him at a 
distance fiom the body of the place, as long as po«!sibIe. 

In addition to the countermines already described, which are 
formed under the covered wav atid glacis, galleries are also prepared 
for the protection of the outvvoiks and main inclosurc, after tho 
enemy shall have made himself master of the counterscai p. 

Tbe galleries of a ravelin, bastion, &€. have different names 
according to their position. For example there may be a covering 
gallery, a scarp gallery, a rampart gallery, and a retired gallery. 

A CQVEEING GALLERY denotes a gallery, constructed in front 
and parallel to, a scarp revetment. It protects a work, by 
impeding the enemy in his passage of tbe ditch, under which it ia 
excavated. 

A SCARP GALLERY denotes one, which is consffticted close to 
tfaPflMM;k4if the scarp revetment of a work. 

A rampart GALLERY dcnotes one, which is constructed at 


• With this view strong doors arc sometimes placed in various parts 
4^ the galleries, behind which the besiegod mineri retire, and either 
fire upon the assailants, or throw suffbeating balls to annoy them, through 
cfeaBels made for the purpose. In some galleries, deep trmpholes, covered 
with tilting df>orB, have also been formed to impede an enemy’s progrofSs 
This was done In the countermines of St. Pluliii’s Castle in Minorca. 
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some distance behind the scarp revetment, either under the middle 
of the terrcplein, or towards the rear of it. 

A RETIRED GALLERY dcnotcs ooc, whicb is constructed 
entirely in rear of the ran^art of a bastion, ravelin, or other work, 
but which is supposed to be laid out parallel to it, uuless any thing 
to the contrary is speciiied. 

A CAPITAL GALLERY dcnotcs one, which is constructedimme> 
diately under tlie capital of a work. 

And in like manner, a reverse gallery and a gorge 
GALLERY denote those, wliich are constructed in the reverse, or 
under the gorge of a work. 

The position of such galleries may be sufficiently understood, 
without adding any new figures for the purpose of illustrating 
them. In their dimensions and use, they are similar to the former 
galleries, which have already been explained; branches, with proper 
chambers, being pushed forward from them, for the purposes of 
explosion, in any required direction. 

It ought, hou'ever, to be understood, that the above various gal¬ 
leries have never been combined in the defence of the same work. 
On tlie contrary, more than one principal gallery, parallel to the 
acarp line of a work, has very seldom been used. The several 
positions, that have been enumerated, are therefore to be con¬ 
sidered, as a specimen of the great variety of ideas and systems, 
before alluded to, which have prevailed as to the proper disposition 
of military mines.* 

The objei^llll^f countermines, used for die protection of a bas¬ 
tion, ravelin, or other work, is, first to impede the enemy in faia" 


* There has been the same variety of opinion, as to the proper position 
of the principal galisiy of ih^ covered Vay. Some anthoni, for example, 
instead of placing it close to the counterscarp, have recommended that it 
should be formed more in advance, either under the middle of U^e terreplein 
of the covered way, or under die crest of the glacis. 
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passage of the ditch : secondly, to clear away llic rubbish from 
the breach, so as to render it less practicable: tliirdly, to blow up 
the hostile troops emplo\ed in an assault: and lasllv, to destroy 
ttieir lodgements, if they should eventually succeed in gaining pos- 
aessioit of a part of the rampart. 

It may perhaps be uiinost superlluous to obsene, that the 
retrenchments of bastions, ravelins, and other works, may also be 
strengthened by means of galleries, in a manlier exactly similar to 
that W'hich has just been described. 

Having explained the geneiul nature and distribution of coun¬ 
termines, 1 shall next proceed to describe the mode of preparing 
an explosion, and the usual effect thereby produced. 

When the soil is dry, the total quantity of gunpowder, intended 
for the charge of a mine, may be curried to the chamber in sepa¬ 
rate bags, each containing 40 or ^0 pounds, w hich may be built 
up in a cubical form. 

When tlie soil is damp, the outside of tliese bags may be 
greased, or, what is more common, a wooden coffer or pow'DER 
BOX maybe used, which is conveyed empty into the chamber, and 
is there filled with gunpowder. 

Metal POWDER cases of tin or copper may also be used for 
the same purpose, by way of greater precaution. 

When a mine is loaded, that is to say when the charge of powder 
is deposited in the chamber, a considerable portion of the branch, 
itrhicb leads to the chamber, must be blocked 41^ either with 
sand bags or rammed earth; or with a mixture of earth, stones, 
short beams of wood, &c. closely packed together. 

.A/ter it has been blocked up in this manner, a mine is said to 

be tamped, and the earth and other materials, used in so doing, 

are called the tamping. 

» 

The tamping is intended to create a great resistance to thd 
explosion, in the direction of the branch or gallery, and the 



MODE OF FIRING MINES. 


999 

chaliibcr of a mine is formed with a return, as was before expliuned^ 
for u similar reason, namely, in order that the gunpowder may act 
with the greatest possible effect, against the enemy’s works or 
lodgements, which it is proposed to blow up. If these precau¬ 
tions were not taken, that is to say if the powder were lodged, not 
in a regular chamber, but at the extremity of the branch itself, and 
if it weie then iired without pieviously taniphig the mine, a con- 
sideiable part of its force, when exploded, would be uselessly 
waiited in destroy iug the branch and tlie adjoining gallery. 

As soon as a mine is loaded, a train of gunpowder, or other 
iiinamnr.dile matter, is laid in a narrow channel or tube, extending 
backwards from the charge towards the rear of the branch, which 
mast be [iropcrly covered and secured against accidents, before 
the operation of tamping is commenced. 

I'lir. TRAIN or A MiNL IS usually contained in A pow'der 
H ost:, protected by casing lubes. 

Tlic hose may be made of strong linen, and should not be less'^ 
than one inch in diameter. 

The casing tubes are usually made of wood. Tlie best 
mode of forming them is to take some narrow pieces of l| inch 
jdank, and grooye them longitudinally on one side. Any two of 
these, when applied together with the grooves inw'ards, will form 
a compact hollow tube, which must of course be rather larger in 
diameter, tiiau the lilled powder hose, which it is intended to 
contain. 

The train of ^ mine is also sometimes called the priming, 
and after the tram is laid, a mine is said to be primed. 

After A MINE IS LOADED, PRIMED, AND TAMPED, it is fifed 
by means of a piece of portfire, attached to the tail of die powder 
hose, or priming, and cut to such a length as to burn for one or 
more minutes, before it communicates with the powder, in order to 
give time for the miner who fires it, to retire to a sufficient distance. 

Sometimes, by way of greater security against damp, the train 
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of a mine may be laid in metal puiming tubes^ made of tin or 
lead. These, if the former metal is used, may be inclosed in 
wooden casings, of the nature bcfoie described, to prevent them 
from being crushed by the tamping. 

It will readily be understood, that the train of a mine selves 
merely as a communication tluough the tamping, upon the extent 
of which its lengUi must depend. If no tamping were used, a 
long train would therefore be entirely unnecessary. 

In conjunct mines, which are intended to produce two or more 
SIMULTANEOUS EX PLOSION s, tlic train of each charge is led back 
to the junction, where it communicates w itli all tire others, so that 
'^idse' whole of tliem meet in one point, and are h^ed at the same 
moment. 

'^The various trains of a conjunct mine should all be exactly 
tif the same length. The point, iii which tliey unite, is called 
'^THE FOCUS OF IGNITION; whilst the center of tlie chaige, con¬ 
tained in each chamber, is called the focus of explosion. 

When the term focus” is used, in speaking of a single mine, 
without any furtlier explanation, the focus of explosion is alvva}3 
implied. 

When gunpowder is lodged under ground, and exploded, it 
has a natural tendency to act with eqifal force in all directions: 
but as it is opposed in acting downwards and laterally, by a 
much greater resistance than it is able to overcome, the principal 
visible effects of the explosion are always produceil^ in the direction 
“of the nearest surface, where it meets the least resistance. 

To exemplify this by a figure, draw an outline to represent the 
surface of the ground, partly horizontal, and partly sloping at an 
angle of about 45 degrees: which being done, below the horizontal 
surface, draw a small square, A, to represent the chamber of a 
loaded mine, and near the sloping surface, and at an equal dis- 
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tance from it, draw a second small square, B, to represent the 
loaded chamber of a second mine. 



From the focus of the mine, A, draw a line, A a, perpendicular 
to the nearest surface, which w ill be a vertical line, and from the 
focus of the mine, B, draw, in like maimer, a line, B b, perpen¬ 
dicular to the nearest surface, which will of course be oblique to 
the horizon. 


a. 



These being the shortest lines, that can be drawn from each 
focus, to the nearest surface, there will consequently be a smaller 
mass of earth to resist the action of the pow der, in the direction of 
these lines, than in any otlier direction. For this reason, the line* 
A a, is called the line of least resistance of the mine, A; and the 
line, B b, is called the line of least resistance of the mine, B. 

When a mine is exploded, underground, under the circumstances 
represented in our figure, it blows up or shatters the surrounding 
earth in such a manner, as to form a cavity shaped not unlike a 
bowl or'bason. This is called the chater of the mine. 

In earth of uniform tenacity, the crater of a mine is often 
nearly regular in its appearance, which however is not alike in any 
two similar cases; and there^re the investigation of its precise 
form, which many writers have attempted to fix by mathemadcal 
calculation, is a pursuit absolutely chimerical. But as an ap- 

VOL. II. 
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proximadon to die truth, M’ith a view of merely finding the average 
quantity of earth, affected by the action of gunpowder; an inverted 
parabola, of which the axis agrees witli the direction of the line 
of least resistance, and of which tlie vertex is deeper under 
ground than the bottom of the chamber, may generally be assumed, 
as a tolerably accurate section of tiie crater of an expIiKled mine. 
The mean diameter of the crater at the surface, for although 
nearly, it is not always exactly, circular, as well as the depth, to 
which it extends below the focus, will be greater or less, in pro¬ 
portion to the quantity of powder used in the explosion. 

Upon each of the lines, A a, and 13 b, as an axis, produced 
about one third of its original length, you will tiierefoie draw a 
parabola, to represent the sections of the craters, supposed to be 

# med by the mines, A and 13, when exploded; making the width 
each crater at top equal to twice the line of least resistance : 
Sd let the original chambers, A and be dotted. 




But although, on examination, the w hole of the earth, contained 
within the outline of each crater, w ill be found to have been affected 
by the explosion; it is to be remarked, tliat those particles of it, which 
are below the focus, are not always actually thrown out, but some- 
timescmerely bruised and impelled downwards, with a compressing 
force : and in any mine, such as that marked A, in our last figure, 
whose greatest force is exerted vertically, a considerable portion of 
the earth, which is either actually blown out of tiie crater, or tnoved 
to a certain height above its original position, falls down again, 
into tlie same place nearly, after an explosion. In a mine, such 
as B, on the contrary, which acts in an oblique direction, a much 
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fltnaller portion of the exploded eaith finds its way back into the 
crater, as it is chiefly impelled laterally. 

Consequently the section of each crater, as it appears after the 
explosion, does not assume a form nearly coinciding with those 
represented in our present figure, in average dimensions, until.all 
the loose eartii has been removed. The actual state, in which 
the explosion leaves them, will be shown more correctly by the 
following figure, in which the space contained in each crater, 
between the dotted curve and the other, shows such parts of the 
original earth as are injured, but not finally removed from tlie 
spot, by tlie action of the gunpowder. 



It is to be obseived, that the parabola is, in almost all cases, 
a tolerably correct representation of the section of a crater, in 
the state in which it is actually left by the explosion. But after 
the whole of Uie loose eartli, which is either moved or injured by 
the effect of a mine, is cleared out; then the section of the crater 
will often be found to differ very widely from tlie above figure, 
•which, as I before observed, was merely chosen by way of 
approximation. Sometimes, for example, an emptied crater haa 
thgTfbmi of an inverted frustum of a cone nearly^* Sometimes 
the upper part of it only has that form, whilst the lower part of it 
resembles a shallow dbh or saucer, so that in section this part 

• When an upright cone is cut ftirough horizontally, flic upper part of it 
towards the vertex forms a sq^y perfi-c^ c(^pe. similar to tha original 
body. The lower or imperfect portion, into wliich it is thus divided, is 
tailed ftie firustum of a cone. *** 
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may be represented by a very obtuse parabola: and there is often 
a Lind of irregular berm, extending all round the interior of it, at 
a certain depth. 

To explain this last-mentioned form, which is \er\ common in 
pi^ctice, an additional hgure is given, in which tiic ri<j:;ht hue, a f, 
represents the original surface of tiie ground; whiLt tlie dotted 
square, c, shows the position of the powder box. 



Tlie curve, a b d e f, the concave part of which is ncailv para- 
fmlical, shows the actual foriii of the crater imn)cdialcl\ afitr the 
explosion; w’hilst the irregular figure, 1 £ J 4 3 7, shows the 

form, above alluded to, which it will be found to iiave, when all 
tlie loose stulf is cleared out. In this, tiie upper puit, hounded 
by the lines, 1 (2, and 7 resembles the frustum of a cone neatly: 
below which *is the irregular berm, represented in syciion Ity the 
lines, 2 3, and .5 G; whilst the bottom part, 3 4 5, immediately 
tinder the original position of the charge, is parabolical. 

The principal difference, to be remarked between this and our 
former figure, is that, in the present instance, the eaith is supposed 
to be expelled to a very considerable depth below the origiual 
chamber; an effect , which always takes place w hen extraordinari ly 
laige^harges_of^junj>ow^^ ITic superior diameter of 

thejerater is also much gi eater, in proportion to the hue of least 
resistance. More moderate charges, on the contrary, produce 
the less violent effects, represented in our former figure. 

When th ere is no line of least resistance , properly so speaking, as 
forex ampleTsupp ostngT^liu^^ to be lodg ed in 

the ceuteroTa^obular mass^ equally strong on all sides, then no 
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crater would be formed in tlie event of explosion; but the whole 
ina >i b<* blown into fra|^nieiits in all directions, as is shown 

b\ til' instill^ ot a bomb she ll. 

Tlii I. , tlicT case, e\oii in subterraneous explosions, where no 
re"'d.ii c" nTTrafer ^\oul(^ be formed, that is, M'hen the quantity 
of jio ,d(f, id the (hamlu r of a mine, is too small to over¬ 

come till- l esistam c of tlie eaith abo\e it, so that no visible etfect 
is j) ilueed at the suifiice, mI/k Ii at the utmost will merely be 
crack.i,(l liN such an madeMjiuite eliar^e. On digging down to the 
spot, wliere the jtowiler was placa d, an internal crater, of an irre- 
gidai "lobular fonu, will, howevei, sotnetimes be found; a part of 
wliitb, at least in stilV "• d, wdl often be quite hollow, the icmainder 
of It beiii" filled with eailh loosened b\ the explosion. This is 
called A smotiii:rld mine. > 

The line of least resistance is often, for the salie of conciseness, 
ainiplv termed Tiir, line of a mine. 'J'fiis line is of the greatest 
importance in milituiy mi ning ; for upon its lengtlT'depends the 
quantity ot powder, which it is pioper to use, in older to produce 
a requirecT t, m soil of a gi\ cu teiia cit> ; and it also serves as 
a scale for mcasuniig the oompurativc^)ow*c^of diffeient mines. 

I'or example, a quantity of guupowdn which is ju>t capable of 
producing a ciatcr, whose diaiiu'ler sliall be double the line of 
least resistance, is called an oudivauy chakoe, and a crater 
of this propoitioii is called an oudinauy craier, or a tvTB' 
LINED ( RATER. A crater, which is lliiee times the line of least 
resistance in diameter, is called a thri.e lined crater. A 
crater, which is four lines in diameter, is called a ioor lined 
CRATER: and in like manner, there ina\ be a five lin ed crater, 

7 »r t ^ 

a SIX lined crate.r, &c. &c. 

When .a mine is loaded with a quantih of powder, which is too 
small to produce a two lilted craier, it is lenncd AN cnoer- 
CHARGED MINE ; but if it weiT loaded with a quantity of powder, 
capable of producing a much greater effect than the above, it w'ould 
be termed a sljich arced mine; and the charges of such mines 
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are called E3(:traori>inary charges. These are distinguished 
from each other, in proportion to their intended effect, by the same 
terms, before applied, in speaking of the craters of mines. 

Thus for example, there may be an ordMaayueliarge, a three 
lined charge, a four lined charge, a tive lined charge, a six lined 
charge, &c. Sec. 

And ill like manner, altiine, intendpd to produce a given effect, 
may he termed an ordinary mine, a three lined iiiine, a four lined 
mine, a five lined mine, a six lined mine, Sec. See. 

A mine is also distinguished by the deptii or length of its line of 
least resistance, expressed in feet. Thus for example, a ti.n >oot 
mine denotes one, which has a line ot 10 feet: a i ii tlln foot 
MINE denotes one, which has a line of lo feet, and so on. 

Surcharged mines, particularly wheutoaded writh extiuordinaiily 
larg e quantities of |^\der, have often been st yled globes of 
CO.MPRESSION. This term is by far too vague to convey any 
distinct notion of the proposed effect of an explosion, but having 
been very generally used, it would not be proper to omit it.* 

When the hue of a niHig iya jjiv eib the proper ordi nary cha rge, or 
one capable of producing a tw'olinedjpater, in soil of a middling 
tenacity, may be foujid witli sufficient accuracy by the follow in 
si mple rule 

^Rule. Cube the line of least resistance in feet, and one tenth 
Tif the result (fractions bei^ disregarded) will be the required 
quantity of powder in pounds. 

Thus for example, supposing the line of least resistance of a 
mine to be 12 feet: the cube of 12 is 1728, which being divided 
by 10, and the fraction struck out, gives 172 lbs. of powder, as 

• The pompous term “ globe of compression,” which signilies nothing 
more than a common military mine, loaded with an unusnally great quantity 
of powder, was first introduccMl by Bclidor, for the purpose of illustrating 
bis theory of the action of gunpowder in mines; but however applicable 
to theoretical purposes, such high-fiown expressions should, as iiiuch gs 
possible, be banished from practical language. 
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ihe proper charge for producing an ordinary crater, in common 
soil. In soil of a different nature, more or less powder might, of 
course, be required to effect the same purpose. 

It is not niy intention to treat at large of the rules for finding the 
proper charges of mines under various circumstances; suffice it to 
say, that in mines of different deptlis, when similar craters are to be 
produced, the proper charges m ill be nearly in proportion to the 
cubes of their respective lines, as may be inferred from the fore¬ 
going rule. But in min es of Uie same d epth, when more t han two 
lined craters are proposed, the p owde r proper for extraordinarily 
larg e charges mu st b e increa sed, in j>roportioii as a greater effect is 
intended, in a considerably greater ratio, than that whereby tlie 
square of the diameter of die proposed crater exceeds the square of 
the diameter of an ordinary crater.* 


* l-'rum experiments recently made at Chatham, in soil of uniform 
tenacity, consisting of fine sand mi\<‘d w'llh clay, weighing about 124l bs, 
p er cubic foo t, iuid capable of standing without support in the form of a 
small gallery, the uiidermcntumcd conclusions as to the proper charges of 
mines 111 such soil lia\c been drawn. 

Iti'LE. Multiply the cube ol the line of least resistance, in feet, by tho 
fcilow'ing niiiiibers, whieh will give tho charges, in pounds, necessary for 
pn»duciiig the followiiig cHeets : mz. 

In order to produce a one lined crater, multiply by *033 (nr in other words 
divide Ay 30) : 'I'o produce a two lined eiater, multiply by *095 : For a three 
lined crater, mhitipty by -91: I’or a four lined crater, multiply by *45: For 
1 five lined crater, mu llipljfc by -93: l\>r a six lined crater, multiply by 
1*75: I’or a seven lined crater, multiply by For an eight lined crater, 

multiply by 3: I'or an l\\ lined ciater, multiply by 6'5: And for a nine 
lined crater, multiply by 1*. 

In a one lined crater, the earth is either merely agitated, or only raised a 
I'cry little higher thiui the surface, and then fulls duw ii again into its original 
[lositioii nearly. In a four lined eratcr, it is blown out to a^Iepth equal to 
[he line of least resistance, and is affected to 1| times that depth. And in 
i nine Itned crater, it is blown out to the depth of limes the line of least 
'csistaiice, and is affected to 2} times that depth. Hut it is to be remaiked, 
luit there is little certainty in these pro|>ortions, for the mean depths of tw'o 
;ratcrs, under similar circumstances, usually dilfer mure tliau tbair moan 
liamclers. 
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It was before stated^ that the action of gunpowder, in all but 
smothered mines, forms a ciatcr of a certain diameter, which extends 


lu the coor.«te of experiments, alluded to, we found that Ttelidor 

vas mistaken in bis suppoMtioii, that it Mas iinpiaetieahie to piodiice iiioro 
than a six lined erater, by the <rr<'a1es( pos^i1de r|uniitil^ of pouder that can 
be used; and still mure so, in tJie asset lion, tliat in all ease.s about ;Un) times 
the line of least resistance, in l<‘<‘t, is the proper t hari;:e. in jtoiinds, n«*ee.s.suiy 
for the alune purpose. For «e, l»\ a eharjje ot oiil\ 10 tinu"« the hue of 
least resistance, obtained a six lined crater; and l<> a ehari^e of loB times 
tiie said line, we obtained a nine lined crater. Mhieh, aeeoidini' to iii> doc¬ 
trine, oui;ht to haAC been impraelieahle. Jtiit it is to be oi>scr\cd, that ail 
our charges were placed at a .sinall diNtanee from the siirf.iee. Had oiir 
chambers been sunk five or six times ileeper tiiaii tiie\ :u tnallv «eie. then 
instead of prodtiring a <d\ lined cralri, bi a inueli sDcillei piopoitioti of 
powder than Belidor prescrihe.s, it Wotihl ha\e rcrjinn'd a consnleiably 
greater charge than Ins, to obtain the said cflect. I'oi the powers neeessaiy 
to move similar solid Imdies arc in the propoitioii of the enlo's id their like' 
aides, not in the proportion of the said sides themseUes, as is iiiijdied iti, 
Belidor's proposition.* 

Notwitbstaiidiiig these very pnlfiahle object ions to that aiifliur's erroneous 
rule of miiltipUin.T the line ot least resistniiec alwais bs 300, in order to 
hud the propel iiiai!.:(' of wliat he (ails a sriobe of coin[irc.ssion, it has hern 
ini[>lieitl> eopied by all tin- subsequent rieiieb writers on the sanu' snbiei I, 
up to the present da> ; ainl it is to be obsened that all tliejr reei nl books on 
military mining abound with praitieal enors of a similai iiutnie. \\ itness 
the peculiar inode of sinking a shaft, proposed h} a Captain lloiilc, which 
they universally hold mit, ns being in many cases tin*. b(‘st and iiiost 
expeditions method of pciloimiiig that operation; but vthieh, it may be 
presumed, none of them have ever tiled, tbr«t is not only veiy ah.siird, but 
generally speaking impraetieable. 

In the.se remarks, which 1 coulil easily eorrohorate by a number of 
similar examples. 1 do not mean to iindervalne the labours of lieiidor, who 
wa§ the tirst that hrought the ait of iniiitary niiiiirig to any degree of jiei- 
fertioti: but a.s far us reg'ards his di.seiples, the more inoderii rietieh 
writers on the same subject, who abo liav«* their nieiit, I lake this 
opportunity of reconitnending, that their woiks shnnld never b*' read 
without doe caution and diseriminution; .since they have Viol in geiieial 
taken the trouble, to draw u proper line between untiied projects, and 
established facts; and instead of having recourse to expeiimenfs, (hey 
have been much too fond of indulging tlieii iniagniatinii in the invi'iittuii of 
new &vsteins, and much too credulous in copying from their piedcccs.sni's. 
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downwards, or laterally, only to a comparatively small distance 
from tlic focus, by reason of the greater resistance opposed to the 
explosion, in these directions, by the solid mass of earth. If, how> 
ever, ii)stea<l of being solid on all sides, there were any cavity in the 
earth, such as a gallery or branch, either below or on one side of 
the sii]>posc;d mine, within a given distance from the focus, then the 
effect of the explosion would be different, for it would not only form 
an external crater, but nould also act with considerable force 
towards the cavity, on account of its meeting with less than the 
usual resistance, in that direction. Consequently, a loaded mine 
will blow ill and destroy anv neishboiirins gallerv, at a much 
greater ilistance, than its sphere of action could possibly extend to, 
in solid earlli. 

It has been found by experiment, tliat a surcharged mine, 
W'apable of producing a six lined crater, will destroy subterraneous 
galleries, at the distance of more than four times its own line of 
least resistance from llie focus. Tor which reason, such mines 
have been more commonly used by tlie assailants than by the 
defenders of a fortress; the latter, as was before observed, being 
desirous to protiact ilie operations and jircservc their own galleries, 
as long as possible. 

Ill consideration of what has just been explained, it has been 
judged prudent, in using ordinary cliargt s, not to establish the 
chamber of a mine nearer to any gallery, wlncli you v\isli to pre¬ 
serve, than twice the line of least resistance. Indeed a greater 
distance may be considered desirable. I'or the same reason, the 
tamping of a loaded mine should extend at least J i timesj, or twice 
the length of the said line; and in single mines, whieli are to act 
successively, if their chambers are placed nearer to each other than 
thejibovc distance, care must be taken before any of them is fired, 
to load anid~llimp the adjoining ones on each side. 

The chambers of mines mav, of course, be formed at veiyr dif* 
ferent depths or levels, according to the object proposed. Some 
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d^iiieers ittve recommeDded establishing chambers within a short 
distance of each other, on three different levels or stages. By this 
means, afltei^ the first or upper tier is exploded, a new lodgement, 
fnmed nearly on the same spot, may be destroyed a second time 
by the middle tier, and a similar process may be repeated a third 
time by the lower stage or tier. 

In MINES OF SEVERAL TIERS OR STAGES, the chambers are 
never formed vertically under each other, but obliquely at a certain 
distance, which even, when measured horizontally, as it would 
appear in a plan, is usually not much less than 1 \ times the line 
of least resistance; and the difference of level between each stage, 
when there are more than two, seldom exceeds 5 feet. 

The general level of the galleries of countetmines may some¬ 
times be considerably lower than tlic spot, where the entrance 
them is formed. 

In that case, it is usual to sink a squarb or circular pit, resembling 
a well hole, perpendicularly downwards to the requisite depth, 
through which men may descend into the galleiy, by means of 
winding staircases, ladders, &,c. 

Id mining, any pit excavated for the above purpose, is called 
A SHAFT. 

The shafts of countermines are usually reveted with masonry: 
those of offensive mines are secured by woodwork. 

It is to be remarked that shafts, like galleries, may serve, not 
only for the purposes of mining, but also as commuiiicatioiis ; and 
io the latter case, they should be more spacious than usual, and 
ou^t to have at least two winding staircases, carried up the circum> 
ference, at equal distances from each other in every corresponding 
part. Shafts of communication of this nature are however seldom 
necessary, except oii fortified heights. 

Sometimes, instead of using shafts, in mining, the necessary 
depths or levels may be gained, by making the galleries ascend 
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or descend, from one level to another, according to an inclined 
plane. 

When the difference of level is considerable, in inclined 
GALLERIES, stcps will be necessary; but when gradual, aslope 
wiUiout steps may be sufficiently convenient* 

The nature of ascending or descending galleries 
may be sufficiently understood without a figure. One section only 
shall be added, to show the manner in which the galleries of coun¬ 
termines may extend under a glacis. 

Draw a counterscarp, covered w'ay, and glacis, in section. 

Draw also a counterscarp gallery, similar to that which you 
before drew, but you need not represent any loophole. 



From your counterscarp gallery, draw a right line extending 
under the glacis, to represent the level of the floor of a direct gallery. 

Draw a second line over the former and parallel to it, to repre¬ 
sent the level of the roof of your direct gallery. 

Rub out those lines of your counterscarp gallery, which will 
become superfluous as soon as the new gallery is drawn : and then 
draw a third line parallel to the former, to represent the top of tlie 
arch of your direct gallery. 



About the middle of your direct gallery, draw a figure to repre¬ 
sent the entrance of an envelope gallery, seen in elevation, of Uie 
same height as your direct gallery. 
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At the extremity of your direct gallery, draw a similar figure, to 
represent a return or branch, leading to one of tii^ most ad\anced 
chambers. 



Beyond this, draw two vertical lines from the surface down¬ 
wards, parallel to each other, to represent the sides of a shaft 
formed by the besiegers, in order to attack llic connt<‘rnunes. 

Draw also a portion of gallery or branch, pushed out fioni the 
above shaft, which will be repieseiited by two parallel lines on]>, 
at the extremity of which draw a rectangle to leprescnt a retuiii 
leading to the chamber of an otVensivc mme. 



The entrance of the shaft, &c. supposed in the abo\e section to 
be excavated by the besiegers, would of course he protected by a 
parapet, tlirowii up in front of it towards the fortress. This work 
is omitted in our figure, in order to avoid corrfusion. 

The galleries of countermines only arc prepared beforehand, in 
a permanent manner ; the various branches attd chambers, which 
may be required for the purposes of explosion, being usually 
formed during the period of a siege, or at the time when a siege is 
confidently expected.’* Such being the case, they caunot of course 


• In a fortress fonndcil upon rock, not only die gaMciics, but also Ihc 
foiDcipal branches and cliainbcrs of the counterniiues, should be executed 
beforehand. 
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be reveled with masonry. Woodwork is therefore used to prevent 
the earth from falling in; and the same method is practised by the 
besietrers, in their odensive mines. 

The woodwork of shafts and galleries is composed of frames 
and planks, the former of which are placed at intervals, uol 
exceeding 4 feet apart, measured from center to center. 

A SHAFT FRAME is usu:^ly made square, and consists of foui 
pieces. 

A OALLERY FRAME, or BRANCH FRAME, is made rectangular^ 
and when put together and set up resembles a common door oi 
window frame, in its appearance. Each of these last mentioned 
frames also consists of four pieces, namely one groundsili 
la-id as a sleeper, two stanchions, and one capsill. 

In a gallery or branch, there are roofing planks to covei 
the tf»p, extending from one frame to the other, and side planks 
to line the sides of the excavation. The latter may often be dis¬ 
pensed v\ilh, but it is always prudent to use the former, even in 
still'soil; excepting however sound chalk, and other substances, 
xihich local experience may have proved to be capable of standing 
without support,* The roofing planks and side planks are some¬ 
times called, by miners, THE top sheeting, and side 

SllEETIN G. 

The sides of shafts must also be secured by planks, extending 
from frame to frame. 

Miners, employed in digging a shaft, arc said to be sinking it, 
whilst the term “ driving” is applied to tlie formation of a gal¬ 
lery or branch ; and the advanced extremity of any gallery or branch, 
where the men are at work, is called the head of the mine. 


• A figure nearly resembling a gothic arcli, Uiat is tn say, an ai^h com¬ 
posed of two segments of a circle, intersecting each otlier at the crown, is 
tlie best adapted for tbc section of an uiisiipiiorlcd gallery* 
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In excavaUng tbe galleries of countermines, for tbe purpose of 
rereting them, frames and planks or sheeting must also be used, in 
the first instance, before the arches are built. These should not, 
however, resemble the rectangular frames, &c. of Uie temporary 
mines, before described, but should be made and put together, 
according to the system used, in tunnelling, in civil works; and 
tbe excavation should never be pushed on, more tlian 6 or 8 feet 
beyond tbe masmiry. 

After driving a gallery to a certain extent, which varies 
according to circumstances, but seldom exceeds 80 or 90 feet, 
at the utmost; the air will become bad, so that lights will no 
longer burn, and it will be impossible for the miners to continue 
their work, unless shafts or air-holes are pierced through the roef 
of the gallery, to produce a proper ventilation. But as external 
apertures of the above nature might be inconvenient and preju¬ 
dicial, in subterraneous warfare, by affording an opportunity to 
tbe enemy of destroying or injuring tlie gallery, other means must 
generally be resorted to. 

For this purpose a ventilator must be placed, at or near the 
shaft, or entrance of the gallery, by means of which atmospheric 
air must be constantly impelled, through proper pipes, to the very 
extremity or head of the mine, as long as men are at work tliere. 
This precaution being taken, a gallery may be driven to any 
required extent, without the least difficulty; and after any explosion, 
tbe smoke, which makes it necessary for men to abandon the 
gallery, for a certain time, may be drawn off much more speedily, 
by the same process. 

Various expedients may be used for throwing air into a mine, as 
for instance, any species of forcing pump, winnowing machine, 
&c. but in common cases, a pair of large forge bellows forms by 
far the simplest and best kind of ventilator that can be' adopted. 
The pipes should not on any account be pliant, and there¬ 
fore metal pipes in joints are preferable to leathern hose, which 
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have also sometimes been used for the same purpose, and which, 
unless stilffened by hoops, placed internally at very small intmala 
apart, are constantly getting out of order. 

Before we coiiclude the subject of mining, it is proper to 
observe, that a mine on a very small scale is usually styled 

chiefly used in the defence of intrenchments or 
field works. Their line of least resistance is usually from 4 to 6 
and not exceeding 8 feet. They arc generally formed, not by 
subterraneous excavation, but by merely sinking trenches, for ‘ 
receiving the charge and train, which after these are laid, are 
immediately filled up again.* 

In subteiraneotis warfare, a fougass also implies an undercharged 
mine, used by the besieged, which without producing any external 
crater, or considerable apparent effect at the surface, is intended 
solely for the purpose of interrupting the operations of the enemy’s 
miners, by blowing in the sides of their galleries and branches, 
whilst in a state of progress. A fougass, applied to this particular 
purpose, is also called A STIPLER. 

A kind of fougass may be formed, for the defence of rocky 
positions, by excavating in the rock itself, in any convenient 
situation, a cylindrical cavity, with a smaller chamber at the 
bottom, about 3 or 4 feet deept and from 1 to 11 foot in diameter, 
the axis of which should be inclined, at an angle of about 45° with 
the horizon, in the direction by which an enemy must advance. A 
charge of powder being placed at the bottom of this cavity, tlie 
remainder of it is filled with stones, which, on firing the powder 


Fougassesttre 


* The same mode must be adopted, in constructing permanent galleries, 
in soil consisting entirely of very fine loose sand, wliirb it is impossible to 
do, by subterraneous excavation: and in other cases,* even when the latter 
method is not absolutely impracticable, the former tpay sonietin\es be tha 
most economical, and therefore the best. 
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by a train, in the usual manner, will be thro\Mi out witli great 
violence, in the direction of the axis of tlie cylinder, in the same 
manner, and witli the same eH'tct nearly, as if Uiey had been iired 
from a common mortar. And for this ruason, the contri\ance, 
whiclihas just been described, is called a uock moktak.* 

It is to be observed, that a similar ed'cct may take place, under 
certain circumstances, even in a common mine. If mi one par¬ 
ticular side of the chamber of a loaded mine, fur exuinple, ilicie 
were a great quantity of stones, either purposely placed iheie by 
the miners, or naturally intermixed with tiie ori^i^inal soil, uiiilst ou 
all odier sides there was line earth only ; then, in the e\ent of 
explosion, a sliower of stones would he thrown out with great 
violence in one direction only, by Uie fall of which persons miglit. 
be killed or wounded, whilst those who stood at an equal distance, 
in other directions, would be exposed to little or no injury. 

When a great quantity of gunpowder is brought up close to an 
enemy, for the purposes of destruction, uot by a subterraneous 
excavation, but by means of a vessel, in operating upon tlie 
water, or by means of waggons or oilier vehicles, in acting by 
Jand, the apparatus thus employed, is termed an infernal 
MACHINE. 

When a quantity of powder is so secured, as to act either under 
water or very near the surface, in order to destroy a ship, floating 


* Rock mortars haie been formed in Gibraltar, Minorca, and Malta. 
In the latter island, we fired one, by way of cxperimcul, with a charge of 
90lbs. of gunpowder, which covered a great part of St. Jidian’s cove, at tho 
head of which the mortar was excavated, by a shower of stones. The rock, 
being of a soft nature, w as so much injured by the explosion, that two more 
rounds would probably have rendered it unserviceable. Rock mortars, 
generally s{)eakiug, arc not to be recommended; but it is right that the 
nature of them should be understood, for in certain cases they might 
not be altogether useless. 
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biidge, boom, &c. tiie apparatus employed for this purpose, 
which is stowed away in a small compass, so as not to attract 
observation, and is sent forwaid by surprise, if possible, is styled 
A TOUl’EDO. 

Having now sufficiently described the nature of subterraneous 
fortification, and of inibtarv mines in general, we shall return to 
the consideration of such upper works, as have not yet been 
explained. 


CHAP. XX. 

or OUTWOHKS, ADVANCri) WORKS, AND 
DKTACHKO WORKS. 

1 have hitherto on1\ described the tenaii and ravelin, in addition 
to which, various other outworks, advanced w'orks, and detached 
works, are used in foitification, some of which shall now be 
explained. It is piojier, however, previously, for the sake of pre¬ 
cision, to point out the distinction between the various kinds of 
works, wliich have just been emuneiated. 

Tlie term, oltwokk, implies any w'oik, which is constructed 
within the limits of the general covcied way and glacis of a fortress. 

An a ova n cm work implies a work, constructed beyond the 
covcM'd way and glacis of a foitress, but cither near to the foot of 
the glacis, or at a moderate distance from it, that is to say, not 
exceeding 250 yards, or tliereahonts. Consequently such a wo'k 
lies under the protection ot the lire of the fortress, from which it 
may derive great support, in the event of an attack. 

A DETACiii’.D WORK siguitics 0116, wliich is constiucted at a 
considerable distance beyond the glacis, as for instance at iho^ 
distance of about 800 yards, or more; so that, when attacked, it 
cannot derive any very cflTcctnal support from the fire of the 
fortress, but must depend chieffy on its own .strength and resoui'ces. 

▼ OL. II. K F. 
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Having made these nccessar)’ definitions, hc shall proceed with 
our proposed subject. 

A COVERPORT is a very small work, erected immediately before 
a gateway, in order to screen it, in any form judged the most 
convenient for that purpose. 

A coUNTERCrARD is a moie CAtensive outwork, iisuallv con¬ 
sisting of two faces only, constructed in front of some oilier woik, 
of greater importance, \\hicli it is intended to covci. 

Draw' two faces, foiining a salient angle, to 
represent the faces of a counterguard. 

Draw two other lines, at a small distance in 
rear, parallel and nearly equal to the foimcr, to 
represent the reverse of your comiterguiud. 

Draw the two extremities of \oiir couiiteigiiaid, 
by connecting tlie ends of the two sets of paiallel 
bnes, which compose your figure. 

Your coiinterguard is noAv complete. 

A counterguurd may he placed, either in front of a bastion oi of 
8 ravelin. 

Draw two ba-slions, connected 
by a curtain, in order to repre¬ 
sent part of the main inclosure 
of a fortress. Draw also a rave¬ 
lin, in the usual manner. 

Draw three counlcrguards, 
similar to that which you have 
already drawn; two of which 
you will place before your two 
bastions, the tliird in front of 
your ravelin: and let the faces of these counterguards be parallel 
to those of the bastions and ravelin, or nearly so. 
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Beyond the counterguards are ditches, communicating with the 
main ditcii, after wliich comes the covered way and glacis, as usual. 

Com])lcte the form of these 
ditches, by drawing tlie counter¬ 
scarp lines of your present 
figure. 

Counterguards are also sometimes called coverfaces, from 
their situation and object; but the former term is the most 
common. 

Couiiterguards arc usually made very narrow, allowiug barely 
. space cnoiugh for gnus in tlicir tcricplem. This is done in order 
that ail enemy, after taking these works, may not have room for 
forming comeiiient JotlgcmeiUs and batteries, in the interior of 
them. 

Conntergnaids are seldom placed before ravelins, except with a 
view of improving ancient fortresses whose ravelins are considered 
too small. When the ravelin is large, the addition of a countei'> 
guard in fiont of it is not considered advisable. 

If tlie three countergnards, represented in our present figure, 
were altered hy producing their adjoining extremities, until they 
met each other, without leaving any intermediate ditches; they 
w'ould tlien constitute, what is called, a continued counterguard. 
Tliis consti action being exceedingly simple, it has not been judged 
necessary to give any figure, for the purpose of exemplifying it. 

A CONTINUED COUNTERGUARD, wlieii Carried round to any 
considerable extent in front of a fortified inclosure, is also styled 

AN ENVELOPE, OR AN ADVANCED INCLOSURE, WltllOUt ailj^ 
reference to its general form, which may either be parallel to the 
outline of the principal works immediately in rear of it, or not. 
The suburb called the Floriana, in Malta, is fortified with a double 
inclosure, in this manner. 



X £ 2 
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Rub out your counterguards, 
and their counterscarp, leaving 
only the two bastions and rave¬ 
lin; and draw a new counterscarp 
in front of them. 

Sometimes an outwork, consisting of one long and one short 
face, is placed on each side of the rnselin of a fiont of foiti- 
fication. Outworks of this kind are called tcnaillos. 



From the nuddle of each face 
of the demibastions of )our front 
of fortification, draw perpendicu¬ 
lars towards the country; and 
produce the faces of your ravelin, 
outwards, until they meet the said 
perpendiculars. 

Rub out those parts of the 
above perpendiculars and pro¬ 
duced faces, which cross the 
ditches of your figure. 



The remaining lines will represent the faces of }oiir two 
tenaillons; one of which works co\crs llie right face of the 
ravelin, whilst the other covers the left face of it. 

Draw the ditches of your tcnail- 
lons, in the usual manner; making 
them equal in breadth to that of 
the rgvelin; which being dfiiic, 
rub out those parts of the counter¬ 
scarp of yonr present figure, that 
will become superfluous. 

Tenaillons usually have cuts formed across them to serve as 
retrenchments, in case the enemy should storm these works near 
the salient angle. 
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Draw a cut in each tenailion, 
perpendicularly across it, or nearly 
so, terminating near the middle of 
the long face. 

DravN also the ditches of these 
cuts. 



Sometimes, instead of covering the whole of the two faces of a 
ravelin, tcnaillons ha\c been made smaller, so as to cover only 
about one half of them. 


]iub out the advanced parts of 
your two tenaillojis; leaving only 
that pait, of each of them, which 
is in lenr of the cuts. 

Hub out alx) the corresponding 
paits of the counterscarp of your 
figure. 



Small tenaillons now remain, which being only about half the 
size of your former ones, aie called demitenaillons or half 


tenaillons. 


Complete the imperfect parts 
of the ditches of your demitenail- 
loiis, and ravelin, in the usual 
manner. 

Tlie demitcnaillons are not considered good works in proportion 
to ihcir expense, because they leave the ravelin too much exposed. 

In order to lemcdy this defect, in places fortified with deini- 
tennillons, it has been usual to add a small counterguard, in front 
of the salient angle of the ravelin. 

I'rom the middle of each short 
fa*ce of your demitcnaillons, draw 
right lines outwards or towards the 
country, parallel to the faces of 
your ravelin or nearly so, \ 
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Rub out those parts of the said 
parallels, which cross the ditches of 
thedemitenaillons; and the remain¬ 
ing parts of them will represent 
the faces of your countei guard ; 





the form of which is now complete, in every thing excepting its 


ditch. 


Draw the ditch of }Our small 
counterguard in the usual muiuier; 
and rub out superfluous lines. 



A small counterguard of this description, which does not cover 
the whole of the faces, but ouK the' salient angle, of a laselin or 
other work, is called a bonnet. 


lu your present figure, you may see cleaily exemplified the 
manner in which various works may flank each other. 


The bonnet, which is the most advanced work, is flanked by the 
short faces of the two demitenaillons; 

The short faces of the demitenaillons are flunked by the 
ravelin: 

And the ravelin itself is flanked by the ba.stion, as was before 
explained. 

The system of outworks, represented in your present figure, has 
been formerly used in some fortresses in the Nellu rlands ; but is 
not at'present considered good. 


The largest kind of outworks, in use, arc called homwotks, and 
crownworks, which shall next be described. 

A HOBNWOBK consists of one front of fortiflication and two 

WBlgS. 
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Draw four bastions, 
joined by curtains, to 
represent part of the main 
inciosure of a fortress. 
Draw also the counter¬ 
scarps of the same. 

Reftue the center cur¬ 
tain of your figure, at some 
distance fiom it, draw a 
detaclied front of fortifica¬ 
tion, to represent part of 
the proposed hornwork. 




From the t\\o extremi¬ 
ties of this detached front, 
diaw two right lines, ex¬ 
tending as far as the coun¬ 
terscarp. 



The last drawn lines form the wings of the hornwork, 
tlie outline of which is now complete. 

A hornwork may have a ravelin in front of it. It has also its 
ditches, communicating w ith those of the body of the place; 
beyond which it may have its covered way and glacis. 

These details may easily be understood. We shall therefore 
only add a ra\elin and ditches to our present hornwork. 

You will make the above 
additions to your figure, 
accordingly; and rub out 
that part of the original 
counterscarp, which will 
become supeiiluous, after 
the ditches of the hornwork 
are drawn. 
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Rub out joar horawork, 
and restore the body of the 
place to its original state. 



Tills being done, we shall next proceed to draw a ci’ownwork. 
A CKOwxwoRK consists of two bouts of fortibcation and two 
Minsrs. 


Before the center curtain 
of your present iigure, at 
some distance from it, draw 
two fronts of fortification. 



From the extremities of 
this detached part of your 
ligure, draw two wmg<?, 
extending as far as the 
counterscarp. 



The crownwork mav also have a ravelin before eac h front of it, 
such as vou drew to your horiiwork ; and it has its ditches, covered 


■way, and glacia. 

As the nature of the rave¬ 
lins, 'file, may easily be un¬ 
derstood, you will draw tlu' 
ditches of your crotv nwork 
only. 



The w ings of Uie horn and crownv. oi ks, which w'e have hitherto 
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<{rawn, are directed upon, and flanked by, the bastions of the body 
of the place. 

This IS not however always done, the w'ings of these works being 
sometimes directed, not on the body of the place, but on ravelins 
or other outworks. 

To exemplify this last described method, rub out the wings of 
your crownwork, with their ditches. 

Diaw ravelins to that part 
of your figuie, which repre- 
sent.s a portion of the body 
of the place; and draw also 
Uie ditches of these ra\eliiis. 

This being done, and the front of your crow4hvork still remain¬ 
ing as before; draw new wings to it, in the direction of the inward 
faces of the two extreme ravelins of your figure. 

That is to say, draw the 
left wing of your ciowii- 
w'ork, in tlic direction of 
tlie right face of your left 
ravelin; and draw tlie right 
wing of your crow'iiwoik, 
in the direction of the left 
face of your right ra\elin : 
and complete your figure, 
by drawing the ditches of 
these new wings, in the 
usual manner. 

Hornworks and crownworks have been distinguished by different 
names, accotding to the relative direction of their wings. 
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For instance, when the two wings of these works are parallel to 
each other, 6iey are called parallel-sided. 

The &rst hwowork, which I drew, was therefore A PARALLEL- 
SIDED HORNWORK. 

When the wings diverge towards the rear, so as to become 
more and more distant from each other, the farther they are pro¬ 
duced backwards, then the work is said to be diverging. 

For instance, tlie crownwork in our present figure is a 
D itERGiNG CROWNWORK, as jou may observe by inspecting 
the direction of tlie wings. 

On the contrary, when the wings converge towards the rear, so 
diat if produced in that direction, the\ would meet in an angle, 
somewhere towards the interior of the fortress; then the Vfork is 
said to be converging. 

For instance, t%^ first crowiivvork, which we drew, whose wings 
were directed upon the faces of two bastions, was a con verging 
CROWNWORK. 

Horn and crown works are sometimes advanced beyond the 
glacis of a fortress. 

We shall change our present crownwork into an advanceh 
crownwork. 

Rub out about one half 
of each wing of your crown- 
¥^rk, namely that half of 
each, which i.s nearest to 
the body of the place. 

Rub out also the oppo- 
nte counterscarps. 
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Connect the extremities 
of the wings, after thus 
reducing them, by a right 
line ; m hich being done, the 
outiinc of }our advanced 
crownwork will be com¬ 
plete. 

Tlic entrance of an ad\anccd woik is usually made near the 
centei of the goigo or reverse of the work ; which should be of 
a respectable height, and reveted, in order to prevent an cnejny 
from penetrating there. The reverse of such w'orks, particularly 
when extensive, is not always laid out in one continued right line, 
as is repte.sculed in our pjcsent figure, but may be formed in any 
other mode judged convenient; as for example, with small flanks 
like u fiont of fortification. It may be crowned by a crenneled 
brick wall foi musquetry, and may be strengthened by palisades, 
fiaises, See. if necessary ; but should not, on any account, have a 
proper cannon proof parapet, because this, if constructed in the 
reverse of any advanced work, would he prejudicial to the defence 
of a fortress, by affording complete protection to the besieger’s 
troops, after taking the said work, against the fire of die main 
inclosurc. 

The communication to an advanced crovvnvvork may be formed, 
cither by extending backwaids the branches of tiie covered way of 
its two wings, until they unite with the main covered way of the 
fortress; or by means of a traversed caponier, cut through the 
glacis of the fortress, and leading from thence to the reverse of the 
crownw'ork, in a manner which shall hereafter be explained. A 
subterraneous gallery may likewise be used, for the same purpose, 
particularly if the distance beyond the glacis is inconsiderable. 
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Our present crowiuvork has only one bastion and two denii> 
bastions. If a work, similar to it in other respects, were con¬ 
structed, but of so much greater extent, as to require two central 
bastions instead of one, then this new work would be called a 
double crown work. 

On another part of vour 
paper, draw a sketch of a 
DOUBLE CROWN WORK ; and 
let the wings of this double 
crownwork be convciging, in oider to exemplify the last definition, 
a second time. 

a work similar to the above were constructed with demibas- 
tions and wings, at its extremities, but witii three central bastions 
instead of two, tiien it would be called a 1 kiple crow nwork. 

To recapitulate : there are three kinds of horn and crownworks. 

Ist. Tliose whose wings terminate iinon, and aic flanked by the 
faces of the bastions of the main inclosnrc: tliese aie reckoned 
tlie worst. 

2dly. Those whose wings terminate in the ia\elins or outworks 
situated beyond the main ditch : these arc reckoned better than 
the former. 

fldly. Those which are advanced beyond the foot of the glacis. 
Tliis last kind are reckoned the best, piovided lliat their gorges are 
well secured. 

The icasons, which have been assigned for tills pieference, are 
as follow 8. 

When, according to the first supposition, the w'ings of the above 
works terminate upon bastions, the ditches of the said wings w ill 
form openings, by means of which the faces of these bastions arc 
exposed to be breached, as soon as an enemy shall have efil'cctcrl 
his lodgement, and established batteries, on the crest of the glacis 
of the horn or crownwork. Thus the body of the place may be 
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laid open to an assault^ at an early period of the siege, w'hich must 
of course be a great disadvantage. 

On the other hand, if, according to tiie second supposition, the 
wings are directed upon ravelins, then the faces of these ravelins 
will of course be exposetl to be breached, by means of similar 
openings, at the same period of the siege, and under the same 
ciicuuistances, befoic alluded to. ^i his, although disadvantageous 
to the defence, w ill be less so tljan the former case.* But if, 
according to the third supposition, a horn oi crownwork is advanced 
bt yoiid the glacis, then the possession of such a work will not 
aifoid to ilie Ijesiegers, any means of bleaching either the ravelinii. 
or bastions of the niaiii iiiclosure, they being completely covered 
bv the intervening glacis, in which no openings arc formed, when 
this construction is followed. 

Horn and crownworks have generally been added to a fortress, 
for the purpose of occnpviiig some impoitant piece of ground, 
which either fiom motives of economy or from other circum¬ 
stances, was not included within the limits of the original plan. 
The exterior sides of these woiks were, in foimer times, usually 
made much shorter than those of the body of the place; but 
recently, it has been judged best to make them equal, in length, to 
the latter, or nearly so. The interior of horn or crownworks may 
be retrenched to advantage, in a variety of different ways, as may 
easily be conceived; but having said so much upon the subject of 
retrenchments in a foimcr chapter, it would be supeifiuous to give 
any new examples here. 


• In like manner, between the conntergnarda of tlic t)aslions and ravelin 
represented in the 61li figure of this chapter {See page 4lP), openings are 
formed, whereby the fares of the ravelin may be breached from the crest 
of the glacis. This is a mneb better disposition of the above countcr- 
giiaids, than if they had been so constructed, a.s to leave ojicuings expoung 
the faces (nut of the ravelins, but) of the bastions. 
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A kind of crownwork may also be constructed without wings ; 
that is to say, the demibastions, forming its right and left extremities, 
may be closely connected with, or attached to, the ditches of the 
body of die place, whilst the central fronts of it may be more 
advanced. 

Draw five fronts of fortification, in outline, with ravelins and 
counterscarps, to represent part of a tegular fortress. 

With any convenient radiu*:, draw an arc of a circle, between the 
salient angles of your second and fourth lavehns; let the middle 
part of it extend outwards, beyond the propei position for the glacis 
of your figure; and dot the said arc. 

Upon this arc, mark two points, a little beyond the counterscarp 
of the above ravelins; divide the space between these points into 
three equal parts : and couuect tlieni by rigiit lines. 



These three right lines may represent the exterior sides of a 
polygon to be regularly fortified : draw three fronts of fortification 
accordingly, which being done, rub out the said lines as well as 
your original arc. 
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The form of a double crownwork now remains. Connect the 
extremities of it to the counterscarp of the nearest ravelins by 
short faces: and draw the ditches of the new work, thus formed, 
in the usual manner. 



A double crownwork without wings, attached to the body of the 
place near each of its extremities, in thi' manner represented in. 
our pieseiit figure, is called an attached double cbown- 

WOllK. 

Instead of constructing a continued crownw'ork, such as any of 
those which have been above described, for the purpose of forti¬ 
fying an advanced position, it may sometimes be occupied to equal 
advantage, by a chain of detached works, not unlike a common 
crownwork in their general form, and of the same extent nearly. 

This method may be understood, by supposing three or four 
detached lunettes to be constructed, of about the same size, and at 
the same intervals apart, as regular bastions. These may be 
secured in front, by a general ditch, covered way, and glacis: but 
they are not to be connected by any continued curtains. Interme¬ 
diate tenails, or low curtains, separated from the flanks of the 
adjoining lunettes by a ditch, may however be used. 

When three detached lunettes, connected as above described, arc 
employed for the purpose of occupying any advanced spot of 
ground, the line of defence, thus formed, is called a broken 
CROWNWORK. If two luncttes only of the above description 
are used, they will form what is called a broken hornwork : 
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but if four are used, they v\ill constitute a broken double 
CROWN WORK; and so on. 

From what has just been said, it will readily be understood, that 
broken bom or crow nwoiks exactly resemble the detached llastions 
and tenails, of the tower bastion system of furtiHcation; so imicli 
so, tiiat in a former figiii-e, which was drawn to exemplify that 
system (See the iecoiid figure of page 349), tl»e tower bastions 
and curtains of the main inclosure were rubbed out, the exact 
representation of a broken double crownwork would remain. 

Some authors prefer broken to continued crownwoiks, by leason, 
that in the Itftter, the capture of one bastion generally gives the 
enemy the command of the wliole work ; which elikct does not 
follow when any part of a broken crowuwork is taken. 

We shall next proceed to the consideration of such ad\anced 
works, as have not hitherto been described ; tiie most common of 
which are fleciies and lunettes. 

A FLECiiE is a small work consisting of two faces only. 

Draw a fleche. 

The fleche is usually placed close to the foot of the glacis, in 
front of and parallel to one of the salient angles. 

A lunette generally has five sides, namely two faces, two small 
Banks and a gorge: consequently it nearly resembles the form of a 
basbon, or of a ravelin with flanks. 

Draw a lunette accordingly 


The lunette is also usually placed near the foot of tlie glacis, the 
capital of it being made to correspond with the produced capital 
4>f one of the places of arms. 
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In order to exemplify the 
manner, in ^hich the works, 
that have just been described, 
may be situated, you w ill draw 
two sets of parallel lines to 
represent part of the glacis of a regular fortress; and connect the 
opposite angles of the figure, thus formed, by right lines, to show 
the ridges and furrows. 

Tliis being done, draw a fleche, near the foot of the glacis, in 
front of the center salient place of arms. 

Draw also two lunettes, near 
the foot of the glacis, in front 
of each of the two other salient 
places of arms, represented in 
your figure. 

The communication to advanced works is sometimes formed by 
means of galleries, and sometimes by caponiers, as was before 
mentioned. 

These caponiers generally lead, in a direct line, along tlie pro¬ 
duced capitals of the places of arms. 

Draw on a larger scale part of a glacis, with a fieche in front 
of it. 

This being done, rub out the ridge of the 
glacis, which is immediately in rear of your 
fieche; and draw two parallel lines, in lieu 
of it, to represent the double parapet of 
your proposed caponier. 

When a caponier extends any considerable length, as is repre¬ 
sent in our present figure, it b usual to construct traverses, at 
certain intervals, to prevent it from being enfiladed. 

Draw therefore two rectangles, extending the whole breadfii of 
your caponier, or rather more, in length, in order to represent tra- 

▼01. II. F F 
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verses, placing the back of the retired traverse near the crest of the 
glacis. 

We shall suppose each of these to be a 
disengaged traverse. 

Draw a square passage, accordingly, at 
each extremity of your traverses, and rub 
out superfluous lines. 

The form of A caponier of communication, extending 
across the glacis, is now complete. 

Disengaged traverses, constructed in the manner represented in 
our present figure, between any double parapet, are called tam- 

nOUB TBAVERSES. 

It is to be remarked, that caponiers or other open communi' 
cations, of a similar nature, are not always formed witli tambour 
traverses, although this is the most common system^ Sometimes 
they may be secured against enfilade by engaged traverses, pro¬ 
ceeding alternately from the right and left, so that the commu¬ 
nication, thus protected, is of a serpentine form. 

Engaged traverses, such as have been described, which proceeii 
alternately from the right and left sides of a caponier, or other 
work, are called lock traverses. 

In order to exemplify this construction, 
rub out your present caponier, and its tam¬ 
bour traverses; and draw a new' caponier of 
communication with lock traverses, in lieu 
*of it.* 

♦ Lock traverses are seldom used in penmment works, and therefor# 
were introduced here, chiefly for the purpose of defining them. When 
traverses are required on a road or causeway, which it is not proper to 
block up entirely, these are the best that can be used. They are also tht 
best adapted for securing, what is called, the double sap in a siege. 
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It is to be remarked, that one disadvantage ultimately attends all 
traversed caponiers. After the advanced work, to which they lead, 
is taken, they afford a ready-made communication across the glacis^ 
or, as it is styled in offensive operations, an approach, almost 
equally convcuieiit to the besiegers. . 

Besides fleches, and lunettes, works called redans are also some¬ 
times constructed, near the foot of the glacis of a fortress. 

The term bedan, when applied to an independent or advanced 
work, denotes one which has two faces and a gorge, and which con¬ 
sequently differs only from a fleche, in its greater 
interior capacity. I'he outline of AN advanced 
BLDAN is as follows. 

Fleches and redans, but particularly the former, usually resemble 
fieldw'orks in their construction : whereas lunettes are generally of 
a respectable relief, and built in a permanent manner, with proper 
revetments and ditches, and sometimes even with a covered way. 
Countermines have likewise, in some cases, been formed in order 
to strengthen them, as also crenneled counterscarp galleries, to 
protect them by a reverse fire against an assault.* With respect 
to the proper mode of securing the goi^es of lunettes, the same 
remarks apply, which were before made, in speaking of advanced 
horn and crownworks. 

Sometimes, but particularly in marshy situations, a fortress may 
have an advanced dkeh. 

The advanced ditch is situated beyond the foot of the glacis of 
the fortress. 



* The advanced lanettes of St Philip’s Castle, in Minorca, were seewed 
in this manner; and communicated witli the works of the fortress in rear 
of them, by gallenes rut ont of the rock. 

F F 2 
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Rub out the fleche, and the 
two luTCttes, dial you drew 
front of jour former figure, 
which represented part of the 
glacis of a fortress. 

In front of, and parallel to, 
all the lines of the foot of your 
glacis, draw a second set of lines, 
to represent the counterscarp of 
your advanced ditch, making, 
however, all the salient parts circular, according to the nile 
followed in drawing the ditches of ravelins, &c. 

V An advanced ditch usually has also an advanced <^vcred 
way, aud glacis, in front of it. 




Draw AN ADVANCED 
COVEBED WAY AND 
GLACIS, in front of your 
present figure. 



In making an advanced ditch, the interior side or reverse of it is 
generally formed, by continuing the slope of the glacis; but the 
^terior side or counterscarp of it may be reveted. 

To exemplify this by proper figures, you will first draw the sec¬ 
tion of a common covered way and glacis; dotting the ground line. 



This being done, produce the slope of the glacis to a sufficient 
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extent below the ground line, in order to show the proposed depth 
of the advanced ditch. 



From thence draw a horizontal line, outwards, to show the 
breadth of the advanced ditch at bottom. 




Construct the counterscarp revetment of jour advanced ditch, 
in tlie usual manner, beyond which you will also construct an 
advanced covered way and glacis. 



It was before stated, that the gorge of eveiy advanced work is 
usually reveled, in order to prevent an enemy from penetrating by 
the reverse of tlie work. These revetments have ditches in rear of 
them. 

Tlie section of the ditch, in rear of an advanced work, is gene¬ 
rally made similar to the section of the advanced ditch in our 
present hgure, the reverse side of it being formed, so as to com* 
cide with the slope of the glacis produced. Provided that thb rule 
is attended to, an enemy, in attacking an advanced work by the 
rear, will not be covered any where against the guns of the for¬ 
tress ; for shot, fired along the slope of the glacis, will be able 
to strike him in every part of the above ditch. 
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If, on the contraij, the ditch, in rear of an advanced work, were 
not formed wiUi a very gentie reverse slope, as above described, 
but were mther reveted, or constructed witli a steep earthen slope, 
on diat side; then the enemy, both in attacking the work, and in 
maintaiuing possession of it, would be screened, in the said ditch, 
against the fire of the place. 

It is to be observ'ed, however, that the reverse of a small woik, 
such as a lunette, 8(.c. if constructed with a ditch, steep in rear, 
yields very little cover to an enemy, in comparison with that, which 
would be afforded bv a larj^e horn or crovvnwork, under the same 
circumstances : and therefore, since ditches steep on botii sides arc 
certainly much the strongest against an assault; it may often he 
expedient to make use of them, in reverse of the former kind of 
work, although, in the latter, they might be objectionable. 

A ditch, formed with a very gentle slope in rear, is called a 
]1A*HA DITCH, in order to distinguish it from a common ditch, 
which is steep in rear as well as in fiont. The reverse of a ha-ha 
ditch, being laid out in the above described form, solely in order to 
prevent an enemy from obtaining cover; it will be obvious, that 
when a ditch of this description is partly filled with w'atcr, tlie gentle 
slope need not be continued much low er than the surface. Beneath 
that level, the reverse of the ditch may either l>e reveted, or funned 
with an earthen slope of about 11 times its height. 

Detached works, constructed for tlie purpose of strengthening a 
fortress, may either consist of forts or redouts. 

Tbe term fort implies a small fortress. Thus for example, iq 
polygon fortified according to the bastionary system, the square or 
pentagon would be called a fort, whilst the noiiagon, decagouj, 
&c. would be styled fortresses. 

A work, nearly equal in extent to the bastionary square or penta* 
gon, if constructed according to the redau system, is called ^ 
^TAB fort. 
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Any other inclosed work, which is 800 yards or upwards in 
circuit, so that it is either nearly equal to, or greater, in extent, 
than a common bastionary square, is also styled a fort, notwith¬ 
standing that the outline of it may be very irregular. 

>Vhci) fortified in a temporary manner, such a work would be 
called a field fort. 

A redout signifies an inclosed work, usually of small extent, that 
is to say, scarcely ever exceeding 500, or, at the utmost, 400 yards, 
in circuit: and having no regular hanks, but presenting a ditch and 
parapet in every direction. 

It will readily be understood, diat a redout, as above defined, 
is much too small a work to be capable of being applied to any 
general purpose of defence, singly or independently. And there¬ 
fore, when any piece of ground is to be fortified by redouts, they 
must be distributed along the whole extent of it, at such distances 
apart, as to be able to support each other, by their mutual hre, 
like the adjoining bastions of a fortress. This constitutes, what is 
culled, A CHAIN or redouts; and the same term is also applied 
to a numbi'r of detached works, of any other description, if dis¬ 
tributed in a similar manner. 

Redouts may either be quadrilateral, pentagonal, or in the form 
of any other small polygon, regular or irregular, that is judged con¬ 
venient. 

Draw some redouts of various forms, in order to exemplify the 
foregoing definitions. 



Redouts may also be curved, in a part or in the w'hole of 
^heir outline; the principal object being to suit them to the 
nature of the ground, when that is irregular; and in this case, not 
only their form, but also their intervals, may vary according to 
circumstances* 
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If, on Ibe contrary, a piece of ground is quite regular, then the 
redouts, constructed for tlie purpose of fortifying it, may all be 
made of the same uniform figure, and placed at equal intervals 
apart. 

Sometimes a dourle chain of redouts is used, in ^hich 
case, they are almost always cliequered, that is to say, the ledouts 
of the second line are placed opposite to the intervals between 
those of the first line. 

To exemplify this disposition, you will draw a double chain of 
quadrilateral redouts, consisting of seven in all, throe of which 
you will place in the advanced line, and the remaining four in the 
retired line; and let the latter be so disposed, as to flank the 
salient angles or faces of the former, in the manner represented 
by the dotted lines in the annexed figure.* 



Tt is to be remarked, that when a double chain of redouts is 
used, the reverse parapets of the advanced line of redouts should 
only be musquet proof. 

The quadrilateral form, represented in our present figure, is 
often applied to redouts, constructed in regular ground, but that of 
lunettes or flat bastions is also no less common, and may be con¬ 
sidered better than the former. 

It is desirable, in forming a chain of redouts, that they should not 
be placed at intervals of more than from 400 to &X) yards apart; 
the formtf distance being preferable. In a chain of forts, which 


* A double chain of advanced lunettes, in front of a glacis, has also been 
recommended by some authors, tbe exterior line of lunettes being supposed 
to be placed in the allinement of the produced^capitals of tbe ravelins, the 
ethers before tbe bastions, of the furtrcKx. 
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require each a regular aiegc, the iotervalSf not measured from cen¬ 
ter to center, but between the foot of the glacis of any two 
adjoining forts, may without inconvenience be 1500 yards or 
even more. 

Redouts are in very common use in field fortification. When 
applied to permanent purposes, they should be reveted and have a 
respectable relief. 

Permanent redouts are also styled casemated redouts, 
bombproof cover being so indispensably uecessaiy in these works, 
that they are never constructed, w itliout caseinating some part of 
them. They sometimes, also, have a covered way, crenneled gal¬ 
leries, countermines, &c. and a portion of them is frequently 
retrenched to serve as a keep.* The faces of permanent redouts 
should be large enough, to admit of a respectable number of 
heavy guns being placed iu battery, otherwise such works will be 
of little use : f and the same remark holds equally good, in respect 
to the lunettes, which were before described. 


* A loopholrd tower has been recommended for that purpose, not only 
ill detached works, but also in advanced works, and in this latter case it 
roust only be musquet proof, on the reverse side of it. 

t As a specimen of the nature of a casemated redout, which has actually 
been executed, a description of Fort Tign^' in the island of Malta is added, 
to the best of my recollection, for 1 have no accurate plan or measure¬ 
ments of it. 

This work is of a quadrilateral figure, the length of the sides not exceed- 
ing 85 yards. The scarp is about 30 feet high, and casemated, with loop¬ 
holes, for firing into the ditch. The parapets are of the soft free stone 
peculiar to Malta, and are pierced w itii embrasures for cannon, at rather 
more than the usual intervals apart, covered over at top, interiorly, with 
wge 'stones, and having intermediate banquettes funned with steps of 
masonry. In the direction of tlie capital of the wt»rk, which presents a 
salient angle towards the country, tliere is a casemated barrack, equal in 
height to the terrcpieins, with which it commonicales, and having loopholes 
for musquetry on each side of it. Immrdiatoly in rcai' of this, that is te 
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A chain of redouts or other detached works may be connected 
by a continued covered way, which in this case is not supposed to 
be always kept completely manned, so as to resist an attack by 
miun force, like that of a regular fortress ; and therefore is neitlier 
reveled in front, nor palisaded, being merely intended to afford a 
secure communication, between the various detached works, so 
long as the enemy is employed in erectuig his batteries, or in 
otlier distant operations, preparatory to an actual assault. 


A chain of detached forts, redouts, &c. is peculiarly well calcu¬ 
lated for the purpose of keeping an enemy at such a distance 
from a fortified dockyard, or great arsenal, as to render it imprac¬ 
ticable for him to destroy the public buildings and stores, by bom¬ 
bardment ; an object, which otherw ise might be carried into effect, 
in a very short time after an unexpected disembarkation, even in 
the face of the strongest fortress. For it may easily be understood, 
that although the reduction of the various works of a well con- 


aay, in the reverse angle of the redout, (here is a round tower, serving as a 
keep, which is about 36 feet high, and 60 feet in diameter. It is built with 
two stories, and has two tiers of loopholes, pierced in its exterior walls, 
which arc about 4 feet 6 inches thick, it has a terrace, and stone iiarnpct 
at top, to which there is a communication hy means of windini; staircases. 
The entrance to the tower is by a drawbridge. A palisaded caponier, in 
year of it, leads at a short distance to the harbour of Marsamiiscet, beyond 
which this redout is situated, as an advanced work to the famous fortress of 
Valetta. It has a good ditch and reveted counterscarp, and cuuntei mines, 
proceeding from a counterscarp gallery, three portions of which, namely 
fhoif which are near the advanced .angles of the redout, project backwards 
into the ditch, being made more spacious than the rest of it, and are cun- 
structed with loopholes, to produce a reverse and flanking fire of musqiietry, 
as also with airholes, at certain intervals, to carr} off the smoko in firing. 
These galleries, as well as the countermines, we ermueeled with thv 
interior of the redout, by eomniiiuication galleries, sunk beneath the level 
of the ditch. There is a khid of covered way, not continued all round in 
the ustt^ manner, hut in three portions only, which are over the principal 
ereADcled galleries of the counterscarp ; beyond which follows the glacis* 
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flCructed and well defended fortress, by a regular siege, is an 
enterprise of great labour, hazard, and difliciilty, and not to be 
accomplished under a certain number of weeks, or even months; 
yet, if there are no detached works to cover it, the mere process 
of firing a vast number of shells, red hot shot, and rockets, into 
the interior of it, which must necessarily destroy every thing com¬ 
bustible that they meet with, may be performed in a few days, and 
with little or no risk on the part of the assailants. An enemy, 
who may not have the means of regularly besieging a fortified naval 
arsenal, nor the power of maintaining permanent possession of it, 
should it from any circumstances fall into his hands, may therefore 
often be tempted to embrace an opportunity of suddenly destroying 
such an establishment, by bombardment, when he knows that it is 
destitute of an exterior chain of defensive works. * 


CHAP. XXL 

OF THE MODE OF DEFILADING COMMANDED WORKS.— 
THE NATURE AND USE OF MODELLING PLANS EX¬ 
PLAINED. 

In choosing a situation for a fortress, it is always desirable, that 
no part of the ground, which is to be occupied thereby, should be 
commanded by any higher ground, within the distance of about 
1000 yards from the proposed works. This, however, is not 
always practicable; for cities, harbours, passes, &c. may be of 
such great importance, in a general view, to the defence of a state, 
as to render it absolutely necessary, that they should be fortified, 
although commanded^ on one or more sides, by exterior heists. 

■ Those works of a fortress, which have higher ground in front of 
them, are not liable to be much more injured by a direct fire of 
cannon, than if they were not so commanded: but from the 
Itngular form which is given to all the outlines, in modem fortifice* 



444 ELEMENTARY FORTIFICATION. CHAP. XXI, 


lion, if the commandiDg exterior heights are of any considerable 
extent, it will be obvious, that some part of the faces of the various 
works caimot Adi to be ej^^posed to an enfilading or reverse fire of 
artillery from thence; and when such is. tlie case, a commanded 
work labours under a veiy great disadvantage. 

To exemplify this by a figure, draw a horizontal line, A B, 
upon which, as« a ground line, construct the sections of the two 
opposite faces of a reveted quadrilateral redout, and on one side 
only, namely that which is towards the right of your ground line, 
construct a ditch, covered way, and glacis, also in section, in tlic 
usual manner. 

Let the two faces of the redout, which are seen in section, be of 
the same profile and relief; mark the crest of tlie parapet of the 
right face by the numeral figure, I, and that of the left face by the 
numeral figure, 2. Connect these points by a right line : connect 
also, in like manner, those two points in each section, which repre¬ 
sent the foot of the interior slope of the parapet; and dot the 
superfluous parts of your original ground line. 

This being done, yoqf figure will show, not only the sections of 
two opposite faces or sides of the redout, but also the elevation of 
one of the other adjoining sides of it, of which the line, compre¬ 
hended between the points, 1 and C, represents the extent of the 
interior crest of the parapet. 

Liet U8 suppose, tliat the work, which w'e have just drawn, is 
jituated at the foot of a commanding height. In order to exem¬ 
plify this circumstance, from the point, B, beyond the foot of your 
l^acu, draw a line, B C, to represent the section of the height, 
in outline; and from the highest point, C, drop a vertical liii * 
C D, meeting the horizontal line, A B, produced, in oriler to show 
superiority, or difference of level, of the commanding ground. 

Xbis being done, from the pomt, C, draw a right line, C 1, and 
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produce it, until it meets the level of the terreplein of the redout iu 
the point, s. 

The dotted lineSf C 2, s 4, 1 3, and 2 4, have been added to 
the Jigure, although not specified in the foregoing directionSf for 
a reason which shall hereafter be explained. 



By inspecting the figure, it will now appear, that a shot fired 
from a gun, placed in battery on the commanding height at C, 
with a full charge of powder, and with just sufficient elevation to 
clear the nearest point, 1, of the crest of the parapet of the redout, 
will plunge into the terreplein of the enfiladed face, 1 2, which is 
seen in elevation, somewhere near the point, s. 

Consequently, as troops posted on the terreplein of the face of 
any work, so enfiladed, could derive no protection whatever from 
the parapets, excepting in a certain portion of the extent only; it 
follows, that they would neither be able to line the banquettes, nor 
to stand to their guns, but must, in a short time, abandon the 
exposed parts of these enfiladed faces, entirely, in order to shelter 
themselves from the destructive effects of the enemy’s artillery. 

The rear face of tlie redout, represented in our present figure, 
the crest of the parapet of which is marked by the figure 2, is still 
more exposed; there being no part whatever of the terreplein of 
it, which is not completely seen into, in reverse, from the artillery, 
'Opposed to be placed on the commanding height, C. 


In short, in no face whatev^ of the redout, are the men posted 
on the terreplein properly protected, excepting in die advanced 
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face of it, ttie crest of Uie para{)et of which is denoted by the 
£gure, 1 ; and the superior security, which this face therefore 
possesses, id comparisoo with other parts of Uie redout, proceeds 
entirely from the circumstauce, of its being exposed to a direct 
fire, only. 

When the face of any work can be completely plunged into by 
an enfilading fire from a commanding lieight, like the face, 1 2, 
in our present figure, it will be evident, that nothing but the con^ 
stniction of a certain number of high traverses, at proper intervals, 
can give a due security to the men posted upon the terrepiein of 
the said face. 

But when it is entirely seen into, in reverse, like the rear f^ce of 
our redout, then traverses will be ineffectual, and the only mode 
ofsecuriug'tlie men posted tliere, will be to cover them by a second 
parapet, of proper height and thickness, constructed upon the 
rear of the terrepiein; so that in working their guns, they will be 
posted between two parapets, as in a caponier. 

A parapet, constructed in rear of any work, for the special 
purpose, w'hich lias just been stated, of covering men against a 
reverse fire, is called a back sckben or parados. 

It is next to be observed, that a work, equal to our present 
feedout in extent, and placed at an equal distance, from a height 
equally commanding, may not always be liable to be plunged into, 
ia the same very disadvantageous manner. 

To exemplify this remark by a new figure, draw a right line, 
£ F G, to represent the side of a range of high ground, rising 
gradually in a regular inclined plane, and let the latter point, G, 
have the same command, G H, and at the same distance, over, 
£ H, the level of the point, £, which the commanding point, C, 
had over, A, in your former figure. 

This beii^ done, on the space, £ F, construct the section of a 
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work, nearly similar to Uiat,Mliich was constructed on tlic space, A B, 
in your former figure; giving to the revetments, parapets, &c. the 
same thickness, and to the terrcpleins and interior area, as well as to 
the ditch, covered way, and glacis, the same breadth: give to cverj 
part of your new work also the same vertical relief above, or the 
same vertical depth below, the line, £ F, which the corresponding 
parts of your former work had in respect to the line, A B. lo 
short, the only difference in the profiles of your two redouts wiM 
be, that the profile of the first was constructed according to a 
horizontal ground line, whilst that of the second is laid out 
according to an oblique ground line. 

You will next dot those parts of the line, E F, which will 
become siiperfiuotis, after your redout is drawn. Mark the crest 
of the parapet of tlie advanced face, by the numeral figure, 5, 
and that of the retired Ifiace, by the numeral figure, 6 ; and from the 
ronimanding point, G, draw a line, G 5, which you will produce 
to the point, s. 


G 



It will now be evident, from inspecting your present figure, that 
a shot fired fiom a gun, placed in battery on the commanding 
height at, G, with a full charge of powder, and widi just sufficient 
elevation to clear the nearest point, 5, of the parapets of the 
redout, will not be able to plunge into any part of the terrepleins 
vJiatever, either by an enfilading or reverse fire, but will go clear 
over the whole work in the direction, s. Consequently, in our 
present redout, men will be properly covered by the parapets, 
throughout everj* part of h. 
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When tlie reliefs of any face of a woik, such as, 5 6, of our 
prescut figure, are so regulated, that, alUiough commanded, it 
cannot be seen into, it is called a defiladed face; and the right line, 
5 6, which marks the crest of the parapet of it, is called a defi¬ 
laded LINE. 

The right line, G 5 s, drawn from the commanding lieight, 
through the highest point of tlie nearest part of the commanded 
work, is called the line of defilade; because every oilier 
more distant part of the work, which is beneath tliat level, will be 
defiladed, or covered against a plungiug fire: w hereas, if any 
of the other paits Mere above tliat level, tliey would be seen iuto. 

By comparing attentively the two figures, which you have last 
drawn, it will appear evident, that the great advantage, which our 
present redout has in not being plunged into, like tlie former, arises 
entirely from the circumstance, of its profiles being constructed, not 
according to a horizontal ground line but an oblique one* 

The ground line of a section, being the most useful line in 
determining tlie various reliefs of any proposed works, is also 
styled the regulating line. 

In the former chapters of this book, we have invariably supposed 
the surface of the ground, on which any work was situated, to be 
an uniform horizontal plane, so that the natural level of the grotmd 
formed also the most convenient regulating line, for the purposes of 
construction. 

It will, however, be readily understood, that if the ground, on 
Itrhich any work was about to be built, although generally 
speaking nearly horizontal, were found to have various inequalities, 
rising in some parts and falling in, others, above the mean level; 
then the .outline of the natural surface, being of a curved irregular 
form, would be entirely unsuitable for the beculatino line 
OF A SECTION. It would consequently be necessary to assume 
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the mean level of the ground, instead of its actual outline, for the 
purpose in view. 

In like manner, when the ground, upon which any proposed 
work is to be built, slopes according to an inclined plane of uni¬ 
form rise; it may often be convenient to use the natlral 
GROUND LINE, as ihc regulating line of a section, according to 
the system followed in drawing our last figure; but when the 
surface is not only oblique to the horizon, in its general direction, 
but is also broken and irregular in its outline ; then a corrected 
CR oi ND LINE luust iiccessarilv be used in lieu of it. 

And even when the surface is perfectly regular, the same expe¬ 
dient may often be necessary, as was proved by the first redout 
that we drew, in which a great part of the interior of the work is 
completely plunged into. 

This was entirely occasioned by using the natural horizontal 
surface, for the regulating line of the profiles of that redout; 
instead of assuming a corrected ground liue in an oblique direction, 
ill lieu of it, for the same purpose; which, if it had been done 
judiciously, might have given the various faces a proper defilade, 
like those of our last figure. 


It is to be observed, that in choosing a corrected ground line, it 
is alw'ays desirable, that it should vary as little from the mean level 
or outline of the natural surface, as circumstances will permit. 

But before a corrected ground line, or regulating line, can conve¬ 
niently be chosen, for the purpose of planning the reliefs of a 
commanded work, a defiladed line must first be found, passing at 
a certain height above the surface, in order to determine the com¬ 
parative levels of the various parapets, in such a manner, that no 
part of the terrepleins shall be plunged into. This being done, the 
regulating line must be drawn parallel to the above line of defilade, 
at any convenient distance below it, taking care, however, to adhere 
VOL. II. 
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to tlie rulci ivliicli was just before stated, «n respect to its general 
lc\el or outline. 

To exemplify this remark, by referring once more to our first 
section, (see the figure in page 443) it will be evident, that the 
dotted lines, 3 C, and 1 4, arc both defiladed lines. Consequently 
if the crest of the parapet, 1, M’crc raised to the level, .3, those 
faces of the redout, uhich are at present exposed both to an 
enfilading and reverse fire, would no longer be seen into. If such, 
therefore, were reckoned a proper height, then a regulating line 
might be chosen at any convenient distance below it, as for 
example at the distance of 20 feet, meuMired vertically; Mhich 
being accordingly drawn parallel to .3 2, at the above interval, the 
relief of the glacis, and the depth of the ditches, might be deter* 
mined thereby, in the usual manner. 

Again, if instead of raising the advanced parapet, 1, the retired 
parapet, 2, were lowered to the level of the point, 3, then the same 
effect of defilading the various faces would be obtained, and a 
regulating I'me might also be found, in a similar manner. 

If on the other hand it were judged better to adopt a medium 
height instead of either of the lines, 3 2, or 1 4; Uicn the advanced 
parapet, 1, might be raised half way up to tlie point, 3, and the 
retired parapet, S, might be lowered half w'ay down to the point, 
4. This also would defilade tlie faces of the redout, and by using 
this method, the works would be neither too elevated nor too 
much depressed, so that a regulating line, more nearly agreeing 
with the medium level of the original ground, would thereby be 
obtained. 

It may appear almost superfluous to explain, that a line in a 
section may often represent a plane. Thus for example, in regu¬ 
lar fortification on level ground, the common ground line represents 
the horizontal plane, wbicii is funned by tlie natural suriac*e. And, 
in like manner, when the surface is irregular, the corrected ground 
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line, or regulating line ef a section, represents what is called the 
regulating ground plane of the work. 

Consequent!), in speaking of the actual construction of a redout, 
bastion, or other work, the terms, plane of defilade, defi¬ 
laded PLANE, regulating GROUND PLANE, or as it some¬ 
times is simply called regulating plane, are more commonly 
used than the corresponding tenns, “ line of defilade,” " defiladed 
line,” and regulating line,” which apply more peculiaiJy to the 
section only. 

When a fortress is constructed opposite to a range of command-' 
ing heights, extending in the same uniform direction, or nearly so, 
according to a right line, the faces may easily be defiladed, in the 
manner w'hich has been described; but when it is surrounded by 
heights on more sides than one, tlien the object of defilading the 
various works becomes a subject of much intricacy, which is often 
not to be accomplished by any disposition of the general reliefs 
whatever; so that traverses and paiados must necessarily be 
resorted to. 



For example, if we suppose the three bastions, &c. shown in die 
annexed figure, to represent part of a regular fortress, commanded 
by one height only, extending in a right line, upon which are two 
enfilading batteries, A and B, it will be evident, that the face, e d, 
may be defiladed, so as not to be plunged into from the height, 1|^ 

6 G fi 
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by making the extremity, d, some feet lower than c: and the face, 
c f, may be debladed so as not to be plunged into from the battery 
at A, by making the extremity, f, also some feet lower than e; 
and in like manner, any other w'orks M’batever on the low ground, 
may be defiladed from any otlier points whatever of tlie above range 
of heights: and if the ground at C, virere lower than the situation 
of the fortress, no inconvenience whatever would arise from thus 
regulating the reliefs of the two faces, d e, and, c f. 

But if we suppose the ground at C, also to have a considerable 
command, then the point, f, by being reduced in height, for the 
purpose of defilading the face, e f, from the enfilading fire of A, 
w'ill lead to the very serious disadvantage of exposing tlie left face 
and left flank of the bastion to be plunged into, by a rc'\crse fire, 
from the battery, C : for unless the point, f, is high, it must be 
evident that the point, d, cannot possibly be coveted in rear. 
Hence is proved, what I before asserted, that a proper defilade, 
against commanding heights, bearing upon a work in contiarj 
directions, is impracticable; for the defilading of anv part of the 
work against the one height, will only cause it to be so much the 
more seen into, from the other. 

It is to be remarked, that when a cavalier bastion is commanded 
in this peculiarly disadvantageous manner, the faces and flanks of 
the cavalier may efifcctually serve as parados, to screen the cor¬ 
responding parts of its inclosing bastion, against the reverse fire of 
the commanding heights. 

As for the cavalier itself, by reason of its smaller interior space, 
a high substantial traverse, constructed nearly in the direction of its 
capita], may answer the same purpose. 

This kind of traverse, whic|^ is veiy commonly used in small 
works, is called A capital travebse. 

Each of Vaubaii’s tower bastions, for example, had a travel je of 
^is description. 
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It was before explained, that when a fortress is situated on a 
borizontal plain, the same general profile applies to all the corre> 
sponding parts, and the ground lines or regulating lines of every 
section, that can be taken, are all exactly on the same level, so 
tliat ^^^o or three very simple sections will suffice give a just 
notion of the whole of the reliefs of the various works. But when 
a foi tress is situated on irregular ground, and is moreover com¬ 
manded t)i) one or more sides, so as to require the works to be de¬ 
filaded, it must be evident, that there can be no general profile, for 
the reliefs of one front may be very different from those of another; 
and the regulating lines, according to which the various w'orks are 
constructed, may also have been laid out according to very different 
levels and planes. 

It was stated, in treating of tlie principles of plan drawing, that 
the nature of any work cannot be understood from a plan alone, 
w ithout sections: but v\ hen ground is so very irregular, as has just 
been supposed, a multiplicity of sections, not reduced to any com¬ 
mon level, might tend rather to confuse, than to give clear notions of 
the nature of it. A kind of plan has therefore been de\ised, which 
is capable of showing, not merely the form of the ground, as it 
usually appears in common plans, but also the reliefs of the vari¬ 
ous parts. This is done by taking a great number of levels, at divers 
points of the ground, so as to determine the height of these points 
abov^ some general or master level, assumed for the purpose, 
which ought to be lower than any point actually included within 
the limits of the proposed plan. Thus, for example, if the ground 
to be fortified is near to the sea or to any harbour; the ordinary 
low water mark at spring tides may coiiveuieully be chosen, as the 
master level for the plan in question. Icf the height of a 

sufficient number of points, above that level, be accurately found,'- 
by a proper instrument, and marked on the plan, in feet and inches, 
so as to dot over the surface of it with numbers, like Uie soundings 
* ifia naval charb and the object in view will be attained. 
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A plan marked ^ith levels, in tlie manner which has just been 
described, is called a modelling plan,* because by reason of 
its peculiar property, before mentioned, of shewing reliefs, which 
a common plan does not possess, it may 8er\’e as a substitute for a 
model: and indeed it is impossible to model any tract of ground 
properly, without previously taking an accurate plan of this de< 
acriptioii; the nature of which may be better understood from the 
annexed sketch. The dotted lines are supposed to icprcscnt the 
position of part of a proposed work of fortiheation. 



To explain the use of a modelling plan, as applied to the pur> 


* IVIodclling plans have King boon in cnmmoii use amongst the IVonnh 
engineers, but instead of choosing their master level below the surface of 
tbe ground to be fortified, they generally select some p^iint above it, for 
that purpose. This appears to mo a very injudicious method, because in 
a plan, so constructed, the lowest ground is invariably marked with the 
hig^t number of foot, which must tend to confusion, and, in calcnlation, 
may often lead to error. The method given in the text, occurred to mo, 
when dfnected to draw up a project for fortifying some irregular ground in 
Malta; before I had seen a modellfhg plan, or knew that such an expedient 
liad ever before been adopted. One French author (Mr, Jloosmard) agrees 
in recommending, that a low master level should be assumed, cuutraq^ta 
the usual practice of his countrymen. 
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poses of fortiBcationi let us iluppose, that the spot cliosen for the 
salient angle of a bastion of any proposed viork, is marked by the 
number ^0. This will denote that the corresponding point on tlie 
ground is 20 feet above the level of low water: and if within the 
distance of 800 yards measured by scale, there is no gveater num-» 
ber than 20 to be found any where on the plan, it proves that the 
said bastion will not be commanded within that distance. If on 
the contrary, there should be any high number, such as 40, marked 
at 800 yards, then it proves, that at that distance there is a height, 
which has a command of 20 feet, over the spot on which it is pro¬ 
posed to place the salient angle of the bastion; the parapet of 
which must therefoie be raised 20 feet higher than the natural 
ground, iu order to put it on the same level witli the commanding 
height.* 

When the outline and reliefs of any proposed fortress are under 
consideration, the modelling plan, previously drawn, should include 
not only the ground which will be covered by the intended works, 
but also the surrounding country, to the distance of about 1000 
yards all round; which being done, the proper height and defilade 
of any part of the intended works may be determined from such a 


• In drawing a sketch of the position of an army, which ought also to show 
the ground in front within cannon shot; as the relative commands of the 
various heights are of great importance, it is usual to mark them by the 
iiiunbcrs 1, 2, 3, &.c. which, in this ease, do nut denote any precise dimen¬ 
sion, but merely serve as a seale ofeomparison to enable the general, for 
whose use the sketch is made, to judge of the nature of the ground. Thus, 
for example, if the least number mni ked on the plan is 1, and the greater 
10, it shows that the former is the lowest and the iallur the most command¬ 
ing part of the ground: and of the iiitennediate numbers, 5 denotes a 
height less elevated than G, hut higher th.an 3. In short, the principle of 
the military sketch and (hat of the modelling plan are precisely the same; 
but with this difi'crence, that the former is a hasty iierformancc, done ac¬ 
cording to the best of the judgment of the otljcer employed, without taking 
f/lovels by an instrument, whereas the laltci is strictlj accurate iu its 
minutest details. 
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plan almost by inspection. This might perhaps have been inferred, 
by reflecting upon what has already been said, without any further 
explanation. 

I shall however for the sake of clearness add another example. 

Let us suppose tliat it is proposed to make the salieut angle of a 
bastion £4 feet high, abo%e the natural level of the ground upon 
which it is to stand: and that, by a reference to the modelling 
plan, it appears tliat at tlie distance of 700 yards, there is a range 
of heights £8 feet higher, than tlie ubo\e part of the work will be, 
when complete. This gives a command, over the point of the 
bastion, in the proportion of exactly 4 feet in 100 yards. If 
therefore we suppose one of tlie faces of our bastion to be 100 
yards long, and directed upon the above heights, it is evident, that 
it will be necessary to give the said face a dip or fall nf four feet in 
its total length, in order to deflladc it from the commanding ground. 
And consequently, if the ground, upon which the bastion is to be 
built, is nearly horizontal, the height of the bastion at the angle of 
the shoulder must be QO feet above the natural ground. 

I shall here remark, that the nature of the command, which one 
work or height may possess over another, cannot be explained with 
any precision, unless by reducing it to a certain propoitioii; for 
this proportion not only determines at once the proper defilade, 
but is also, in distances not much exceeding GCX) or 700 yards, 
nearly an exact criterion of the disadvantage incurred by the com¬ 
manded work, from cannon shot fired at full charges. At the 
same time in describing a command, the actual distance should never 
omitted,* because in distant bring, in proportion as the effect 

* Some aotbors have designated the nature of a command by the diF< 
fercnce of level merely, wiibout any reference to dihlaiice, calling 9 feet a 
aingle command, 18 feet a double command, Ucc. This is, however, a very 
inaccurate and indeed absurd mode of speaking, for it must lie evident, 
that adfiuble command, as they style it, at the distance of 50 yards, will »n, 
more prejudicial to a wcufk than a ({uadiuplc cummatid at 400. 
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of artillery is rendered uncertain by the greater length of range, the 
circumstauce of a work’s being commanded becomes of less im- 
portaoce, or may even be entirely disregarded. 

It is to be observed, that shells from a mortar, being fired at a 
considerable elevation, always bury themselves in falling; whereas 
howitzer shells and cannon shot, being seldom or never fired with 
any great elevation, rise again, with repeated bounds, after thej 
first meet the surface of the ground. But when full charges of 
{)owder arc used, in firing, from a moderate distance, at any bas¬ 
tion, redoubt, &c. which is properly defiladed, the cannon balls, 
if they do not lodge themselves in the parapet, are impelled with so 
imich velocity, that they fly entiiely over the work; nor will they 
strike the ground until at a very considerable distance further, their 
original patli being nearly in a right line. If, however, small 
charges only are used, the initial velocity of the shot being thereby 
much diminished, their ranges will be shortened in proportion; 
and they will describe a considerable curve in their flight, imme¬ 
diately after leaving Hhe piece: and consequently, by this method 
of firing, provided that a proper elevation is given to the gun, a 
cannon bull may be pitched, over the Ranking parapet, into the 
terreplein, even of a well defiladed face, where, by its successive 
bounds, it may do much injury. 

The mode of firing, w hich has just been described, is called 
BicocHF.T FIRING, and may be practised to advantage, both from 
guns and howitzers, whenever they can be placed in such a position 
ns to enfilad^any long face of a work. In direct firing, on the 
contrary, this method is not to be recommended, for the diminution 
of the charge produces a corresponding diminution in the eflfect of 
the shot. 

It was proper to make the above explanation, in order that it 
might be fully understood, that the defilading of any face of a work, 
jtjithough of importance, inasmuch as it prevents it from being 
seen into, from a commanding height, docs nut entirely secure it, 
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against being plunged into by enfilading ricochet batteries; and 
therefore, in previously stating the advantages, derived from a 
proper defilade, as far as cannon shot were concerned, 1 took care 
always to specify, that full charges were supposed to be used. 

To conclude this part of our subject, it must appear sufficiently 
obvious, from what has just been stated, that nothing but frequent 
traverses, one, for example, between every two or three guns at the 
utmost, can give any proper security to the faces, even of a well- 
deffiaded work, against enfilading licochet batteries. 


CHAP. XXII. 

OF IRRFGI LAR FORTIFICATION, CTTADELS, 

AND COLN'l’ERTRENCHMEN'I'S. 

It is a fundamental rule in fortification, to endeavour to make a 
place equally strong on all sides; for it must be evident, that it 
would be of very little use to have three fourths of tlie circuit of a 
fortress absolutely impregnable, if the remainder of it were weak 
and defenceless. 

In teaching the principles of fortification, it is always usual to 
joppose, in the first instance, that the ground to be fortified is 
jotuated in the midst of an extensive level plain, uniform on every 
side, and not commanded by any heights within cannon shot. 

Under this supposition, a regular polygon will, of course, be 
the best figure that can be adopted for the outline of a work, 
becatise it will be exactly alike, and therefore equally strong on all 
sides; and the exterior ground being likewise uniform all round, 
in every direction, an enemy can derive no advantage, in attacking 
from any one point in preference to others. 

But although such a supposition is always assumed, as was 
before observed, in explaining the rules of fortification, this is 
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done, merely with a view to simplify the subject, and thereby to 
facilitate the progress of the learner: for in real practice it seldom 
or never happens, that ground can be chosen for the situation of 
a fortified place, so uniform in its nature, as to admit of the out- 
line of the fortress being made perfectly regular. 

Fortresses, for example, are often built upon the ^a coast or 
on the banks of great rivers, the form of which must be followed; 
and the situation which is to be fortified, as well as its environs, 
may consist pailly of low ground, and partly of heights, of an 
irregular foim, with intersecting vallics. On one or more sides, 
also, it may be bounded by lakes, marshes, or rocky precipices. 

Under these circumstances, it would obviously be improper to 
give to the outline of the proposed fortress the form of a regular 
polygon. Sucii an arrangement would lead to insuperable diffi¬ 
culties and disadvantages. It might, for instance, throw the 
ramparts down into the bottom of deep vallies, when they would 
be e.\p<»setl to the plunging fire of a besieging army, from com¬ 
manding heights, without the pow'er of returning it with any 
effect. 

The nature of the ground must therefore be carefully studied, 
and the strongest points chosen, for the general outline of the 
proposed fortress, which, when the ground is irregular, will con¬ 
sequently become an irregular polygon, instead of a regular one: 
and when the situation has the further disadvantage of being com¬ 
manded by e.\terior heights, on one or more sides; then not only 
the outline, but also the profiles or reliefs, of the proposed work^, 
must be made irregular, for tlie reasons stated in the preceding 
cliapter, in which one great souice of irregularity in fortificatiqa 
w'as discussed. 

After choosing the most advantageous points for the outline of 
iTrorlress, it will often happen, that some parts of it are by nature 
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excessively stroi^, so as to require scarcely any artificial means to 
defend them; whilst some other parts may be much weaker, than 
the aveii^ future of the ground in general. 

in those parts, ^^hich are strong and inaccessible by nature, it 
may be sufficient to erect a simple parapet, with batteries on 
advantageous situations. Such, for instance, is a part of tlie land 
front of Gibraltar, which presents a rocky precipice, several 
hundred feet in height, not to be sunnounted by an enemy. 

In other parts, where the soil is marshy, inundations may be 
formed, and wet ditches or other water defences may be applied, 
with so much effect, as to render the expense of masonry 6U()cr- 
flaous. In other parts revotinenls may be absolutely necessary. 

In some parts, the ground may be so very unsuitable for the 
construction of bastions and curtains, that ledaiis, of an irregular 
form, must be used for the outline of the foi tress : and it is to i>e 
remarked, that this circumstance will often be found to occur, in 
those parts of the inclosure, which are the strongest by natiiie. 

In other parts, a simple buslionary outline, without ravelins, 
may suffice; whilst in other parts, ravelins or other outworks may 
be necessary. 

In other parts again, by reason of the peculiar weakness of tlie 
ground, advanced or detached works may also be necessary, in 
order to create additional obstacles to an eiieniy^s progress, and 
thereby put this defective portion of the inclosure, upon a par, in 
point of strength, with the remainder of it. 

When ground is very irregular, a chain of detached forts, or 
casemat^d redouts, the nature of which was explained in a former 
chapter, may also be sometimes used with advantage, in lieu of 
a continued inclosure. 

In short, a thousand varieties may occur in practice, for which it 
is difficult to lay down any precise rules beforehand: and tlierefore 
a veiy wide scope is left for the exertion of talent and judgem^ut, 
^m die part of an engineer, who is called upon to give in a project 
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of permanent fortification, of any extent or importance: for so 
seldom can uniformity of ground be expected, that it scarcely ever 
happens, that more than llirce or four fronts of any fortress, which 
has actually been constructed, are to be found exactly alike. 

It ought to be rcniaikcd, that the term ** irregular forti- 
ric \TiON,” signifies merely the application of the art of fortifi¬ 
cation to irregular ground; w'hich occasions an inequality in tlie 
dimensions of the corresponding parts of a fortress so coustructed. 
It docs not therefore imply any defect, either in the plan or execu¬ 
tion of the various wosks. Consequently A place is said to 
BE REGULARLY FORTIFIED, meaning that it is constructed 
nccoidiiig to the regular rules of the art, judiciously applied, not- 
\\ ithstanding that the outline of it may be very irregular: whilst on 
the other hand, the plan of a place may be quite regular, and yet 
it may be very badly or imperfectly fortified, by reason of the 
wtakness of its general profile. 

The only mode, in which irregular fortification can be learned 
to advantage, is to collect accurate plans and descriptions of a 
variety of fortresses, which have actually been constructed, and 
more especially of those which have been often besieged; for, as 
I before said, few or no fortresses are perfectly regular. Then by 
studying the history of their sieges, which will be done to most 
advantage upon the spot, if circumstances will permit; the advan¬ 
tages or defects of the various expedients, which have been 
adopted, at various times, for occupying irregular ground, by 
defensive works, may be understood. The same remark will 
therefore apply to this branch of our subject, which was before 
made, in alluding to the various systems of fortification, invented 
.by a great number of engineers, or w'riters on that art, from time 
to time: namely, that it will be much best for a learner, not to 
erter deeply into the study of it, until he has previously made 
himself master of the most effectual means of attack, which 
have hitherto been used, in besieging fortified places. 
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Without enlarging further upon this subject, I shall therefore 
conclude by observing, that v^hcii ground is irregular, those parts 
of the general outline, which are susceptible of bastionary fronts, 
should'first be drawn, in the form of an irregular pol}gon. This 
being done, upon each of the sides of tliis irregular polygon, as an 
exterior side, a front of fortification should next be drawn; and in 
the whole operation, the general mles and proportions, given in 
Chap. XVI, should be kept in view, as much as circumstances v\ill 
permit; observing, however, that it may not, in all cases, be 
expedient, to make the two deniibastions in die same front exactly 
tBike. 

As a specimen of die variations, which may take place in the 
oudine of works of fortification, built upon irregular ground, the 
fbllowhig sketch is added, to represent a fortress situated on a 
rocky peninsula, which wc shall suppose to be inaccessible or 
nearly so, in all those parts towards the sea, which are occupied by 
a line of irregular redaus.* 



Id a place situated on the sea coast, that part of the general line 
of works, whidi faces towards the water, is called the sea line 


■ f* The dotted pentagon represented in tbe figure, shows the position that 
might be chosen for a citadel, a kind of work, which will aftervarda bo 
•xplained. 
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c)F THE FORTRESS; while the remaining part of it, which faces 
towards tlie 0000117 , is called the land link, and the particular 
fronts of fortification, of which it is composed, are called the 
LAND FRONTS. In like manner, in a place situated on the banks 
of a great river, there may be the river line, and the river 
FRONTS of the fortress, in opposition to the land fronts: and bj 
w ay of distinguishing the principal gates of fortresses, so situated, 
those which face towards the water, and communicate with the 
wharfs frequented by boats or shipping, are called w'aterport 
CATES, or sometimes simply waterports, whilst those which com¬ 
municate witli the country, are called landpurt gates, (x 
landports. 

Having now explained the principles of irregular fortiiicadon, 
as far as is necessary for an elementary work, we shall next treat 
of citadels. 

A citadel is a fort or smaller work, attached to a fortress of 
importance, sometimes as a keep or retreat for the garrison of the 
fortress, in case the principal works should be taken; and some¬ 
times with a view to overawe the inhabitants of a disaffected 
city. 

Citadels, if regular in their form, are usually made pentagons; 
the square, generally speaking, being considered too small a work 
to make a good defence. 

Citadels have most commonly been constructed, so as to form 
a part of the exterior general line of defence, of the fortresses, to 
which they have been attached. In that case, there is a break in 
the body of the place, which is filled by the citadel. 

To exemplify 
this construction, 
you will first draw 
a figure with se- 
. ven bastions, to 

represent part of the main inclosure of a regular fortress. 
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Rub out your ccater bastion, and tlie inward Hanks of die two 
COLLATERAL BASTIONS, that is to sav, of thosc two bastions on 
each sid^ wluch are nearest to it: and rub out also the intermediate 
curtains. 

Id the opening, tlius left in the main iuclosurc of your supposed 
fmtress, construct a regular pentagon. 



Tlie pentagon, which you have just drawn, represents a citadel 
attached to your supposed fortress, according to the system, which 
has been in most general use. 

Both the citadel and the body of the place, shown in our figure, 
may have ravelins and other outworks attached to tiiem. Tiie 
citadel has also its covered way and glacis, not only towards the 
country, but likewise in those fronts of it, which face towards the 
interior of the fortress; and the ditches of the body of the place 
wd citadel may communicate with each other. 

You need not draw any ravelins, &c. as the proper manner of 
inserting them may easily be understood. Draw only the coun- 
teracarps of your hgUFe to represent the manner, in which the 
Tirioiis ditches may communicate, as above mentioned. 
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Sometimes, those parts of the main inclosure of the fortress, 
which terminate on the counterscarp of a cituclcl, have been laid 
out, not in the manner represented in our piesent figure, but in the 
form of long faces, enfiladed or Hanked by tlie more projecting 
u'oiks of the citadel, and extending about 200 yards in a continued 
right line; and it has further been recommended, to ^ve to the 
terrepleins and parapets of these long faces or branches, a less 
substantial profile than usual. These precautions, it may easily be 
coiicei\cd, are taken, in order to pre\ent the adjoining works of 
tlie fortress from being used to the prejudice of the citadel, in case 
the latter should hold out the longest, against a besieging army. 

Long faces, constructed for tlie above purpose, on each side of 
a citadel, aic called faces of communication. 

In die interior of a fortress, n hich is constructed witli a citadel, 
no houses or walls must on any account be allowed to be built near 
to die citadel; but an open or level space must be preserved all 
round, which must at least extend beyond die utmost range of 
musquet shot. 

The open space, thus laid out, is called an esplanade; 
and the same word was formerly used to denote a glacis. 

If an esplanade were not preserved in front of the citadel of a 
fortified place, an enemy who had got possession of the town, 
would fill the opposite buildings widi soldiers, who by a close fire 
of musquetry, from windows and loopholes, might destroy die 
men on the ramparts of the citadel, w'ithout being seen by them, so 
as to render it impossible for them either to man their guns, or to 
make any adequate defence whatsoever. 

It has been laid down as a rule, that the exterior fronts of a 
citadel should be made stronger, if possible, than those of the main 
incloBure of the fortress itself; for as the capture of the citadel 
will evidently open the way into the body of the place, if the 

VOL. II. H H 
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assailable fronts of the citadel were the weakest parts of the 
general line of defence, an enemy would attack them, in pre> 
ference, as being tlie easiest mode of making himself master of 
the whole. 

If, on the contrar}', the assailable fronts of the citadel arc much 
stronger tliaii the rest of the line, the besiegers may be obliged to 
attack the fortress first ^ so that the citadel will serve as a keep for 
the garrison, and will place the enemy under tlie necessity of 
undertaking a second siege. 

Citadels have, however, more often been constructed witli a 
view to overawe the discontented population of a fortified city, 
tlian as keeps; and therefore, they have necessarily been placed 
upon the general exterior line of defence, in the manner repre¬ 
sented in our present figure, so as to maintain an open cummuni- 
cation with the country, in order that tlie garrison might thereby 
be enabled to receive succours from their army in the field, in case 
of an insurrection on the part of the townspeople. And for this 
reason, the principal gate of a citadel, facing towards the country, 
has often been called the gate of suctouR. 

There is only one situation, in which a citadel can conveniently 
answer both purposes, that is to say, when it is constructed on or 
near the inaccessible extremity of a fortress, which, by reason of 
natural obstacles, cannot be attacked, w ith any prospect of suc¬ 
cess, on more sides than one. Thus, for example, in the first 
figure of this chapter, which was given to illustrate the nature 
of an irregular fortress, supposed to be inassailable towards 
the sea, it will be evident, diat a citadel, placed in the position 
represented by the dotted lines, will serve the double purpose 
before mentioned; that is to say, it will not only overawe Uie 
inhabitants, but will also give the enemy the trouble of a second 
siege, since he has no means of approaching it until the exterior 
works are. taken. At the same time, a citadel, so situated, 
although not to be relieved by land, might, in moderate weather, 
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Conveniently receive succours of men and stores, from a friendly 
fleet. 

Excepting in situations partially inaccessible, like the above, 
citadels cannot add inateriallv to the resistance of a fortress against 
o legular army, at least by no means in a degree proportionate to 
the expense of building them. When, therefore, the only object 
in view is to keep in check a discontented population, this may 
sometimes be effected, in a more economical manner, by what is 
called countcrtrcncliing a few of the principal bastions of Uie 
main inclosiire. 

A corNTERTRENCHMENT Signifies an interior intrenchment, 
constructed iu or behind any uoik, the parapets of which do not 
face ouh^ards, or towards the countiv, like those of the origioal 
v\ork, but are directed towards llie rear. 

Countcrtrcnchments do not, therefore, Oppose any additional 
obstacles to a besieging army, in assaulting those particular bas¬ 
tions, behind whicli they are constructed. Tliey are only useful, 
mIicii the works, so strengthened, are attacked in rear, which in 
most cases supposes an internal enemy. If, however, iu the 
c(’urse of a siege, any of the other bastions of the main inclosure 
should be breached, whilst the countertrenched ones are left 
untouched, then even the latter will be useful, in case of au 
assault, against the besiegers* troops, by preventing them from 
being able to extend themselves, and to gain easy possession of 
the rampaits on each side, after entering the place. 

To exemplify this construction, rub out your citadel, and restore 
tlie outline of the fortress to its original state. 

Ihen let two of your bastions be converted into keeps against 
an internal enemy, by drawing a conntertrenchment in the rear of 
each, which may be laid out in the form of a small front of for¬ 
tification. 

Draw also ditches extending round your keeps, and let them be 

H H 2 
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contioued on each side, so as to cut off the countertfenchcd ba.s* 
tioos from the adjoining curtains. 


1 

There must be a proper communication between a counter- 
trenched bastion, and the interior of tlie fortress, either by a 
bridge and drawbridge, or otherwise, in front of which there may 
also be a covered way with a place of arms; and w hen the ditchea 
are dry, the scarps of the countertrenchnients should be reveled. 



CHAP. XXIII. 

or THE MODE OF FORTIFYING A MARITIME FRONTIER. 

OF COAST BATTERIES, AND MARTELLO TOWERS. —OP 

FIELD POWDER MAGAZINES, TIMBER BUMBPROOl-S, 

AND ABBATIS. 

We shall now treat of the proper mode of fortifying a maiitime 
frontier. 

The principal naval stations and dock-yards in every country, 
^ould be regularly fortihed; and in addition to a common fortified 
inclosure, it may be expedient to secure them against bombard¬ 
ment, by a chain of detached works, as was before mentioned. 

For the protection of harbours of secondary importance, forts, 
casemated redouts, or towers, commanding their entrances, may 
suffice. 

Tn defend an open beach or landing place, against the disem¬ 
barkation of an invading army, batteries, supported by towers, 
have been considered a good expedient. 
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When the nature of tlie beach is such, that vessels cannot 
approach nearer than to the distance of 300 yards, or thereabouts^ 
fronj the spot, upon which defensive works are proposed to be 
coii'^trucU'd ; common held batteries will be more than a match for 
shipping;, as long as the contest is confined to a cannonade alone, 
even aiilioii!:!i the latter may be able to bring four or five times as 
ni tiiv guns into action. The reason of the decided superiority, which 
a common battery thus possesses over a ship of war, of much greater 
foM-e, mil be icadily understood from the follow'ing simple con¬ 
siderations. A field battery, properly constructed, is shot proof, 
and incooibustihie, and its gnus may be laid with precision: 
whereas a ship may be set on fiic ; its sides are penetrable by 
shot; and unless in a perfect calm, its guns cannot be laid with 
suflicient precision. Moreover, the comparative size of the two 
contending objects is also a great disadvantage to a ship of war, in 
engaging a battery. 

The guns, intended for the defence of a coast, should always be 
inounted on ti aver sing platforms, which method affords a greater 
facility of firing quickly at ships under sail, in a variety of dif¬ 
ferent directions. If on the contrary, the guns of coast batteries 
should be placed on common carriages behind embrasures, their 
scope of fire will be too limited to have sufficient effect; for 
vessels or gun boats may often be able to place themselves out of 
the line of most of the embiusiires of a battery, so constructed, 
and yet in such a position as to annoy it by their own fire. 

With lespect to burbet baltciies, they may, generally speaking, 
be pronounced entirely unsuitable for the defence of a coast; 
because, excepting when they are placed on high cliffs, or other 
situations of a very comniunding nature, they afford scarcely any 
protection to men against the fire of shipping; and if used in 
semicircular bays, or other positions, where one defensive battery 
flanks another, the troops, posted in them, not being covered by 
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proper parapets, are liable to destroy each other by their niutiial 
6re, in acting against a common enemy, particularly \vheu giape 
shot is used.* 

When the shore is low, and of such a nature, that ships can 
approach within close miisquet shut of any spot, clioseii fur a 
defensive battery; it is then neccssaiN, lliat the interior of the 
battery should be coveied at tup, by a proper inusquet proof 
defence; otlicrwise marksmen, placed in tiie ships’ tups, will he 
able to destroy the men in the battery, b) a plunging tiu*. A 
casemated battery, open in rear, is therefore the best that ean be 
used, in such situations, but it is nut absuhitely neceMsaiy that the 
arches should be bombproof. And it is to he uh^eixid, that in a 
woody country, a roof formed of stout beams of imiiici eo\ered 
with about a foot of eaith, and suppuited by pusls ur u|)iiglils 
at proper internals, may be used to ud\autage for the same puiposc, 
in lieu of aiches and piers. 

It will easily be uiidei stood that a field battery, although, in 
almost ail cases, superior to a ship of \\ar, m the etfeet of its 


• In all aorks flankrd hy others, the same risk must oreiir, to a certain 
degree, if the paru[>et.s are low. But in a peiinaiieiit (brlress, the ditehes, 
against viliieli the fiie of the flanking works wouhi r'lndly ut directed, in 
case of an assault, arc so nun h lower Ih.'in the |iut.i|M-ts. that no ineoioe- 
iiience i.N tube apprelieiided hy the delendersof the Hanked woiks. It has 
been lemaiked, that shut fired for the purpose of thinking any face of a 
bastion, ravelin, &.r. are usually gluuccd oil' with eoiisnierable ton'c, when¬ 
ever they strike the i ireuiar pat t of the o|iposite eountersearp, iii siieli a 
direction as to scour tlie diU !i of the other face of the saitu* work. Con- 
seqiieutly, in the redan system, (he shot fired iroiii one Hanking casemated 
battery arc often, allei being thuslnrricd oil, iin[»elled tow aids some other 
casemated battery of the same work, and if by any aeeiileiit they siionld 
enter the embrasures, lliey might be prejudiiial to the deteiiders. But tins 
is a rare coiitiiigeuey, so seldom likidy to liajipen, that it may he disre> 
garded; and if an enemy were aeliially (‘iigaged in an assault, the doubla 
Arc thus priKliuvd iiy the bou«:diii^ shot, would be ol iinportaiice. 
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fire, can afiford little or no defence against au enemy, when lauded. 
But although arrangements are always made for manning the whole 
of the guns, placed in battery on a coast; the number of men, 
employed in this duty merely, are entirely inadequate to resist a 
landing of seamen and marines, even from a single ship: nor is it 
practicable for the most populous and wealthy nation, to have a 
force sufhcient to oppose such enterprises of a hostile fleet, on 
every accessible point of its line of coast. It therefore becomes 
absolutely necessary, to support the field batteries, which may be 
const meted on various parts of a maritime frontier, by works of a 
more substantial and stronger nature, such as are not liable to be 
casilv taken by a sudden assault. 

Sometimes, with a view to the above object, eaitlien cavalier 
battel ies have been made, with a ditch in front, secured by pali¬ 
sades, fraises, or otlier obstacles, and inclosed in rear, either by a 
loopholed brick wall, or by a defensible guardhouse or barrack; 
in such a manner, as to form a kind of redout. 

A ui:rLNsinLE on audhouse implies a building, capable of 
receiving either the whole ora considerable proportion of the men, 
who are necessary for the defence of any work, so as to ser\e the 
purpose of a keep, in case an enemy should penetrate into the 
interior of it; and for this reason, the walls, which ought to 
Ire built in a substantial manner, arc always crcnneled. The roof 
ought cither to be arched over with a terrace at top, or at least it 
should be so constructed, as not to be liable to be easily destroyed 
by fire. 

I shall here remark, that defensible guardhouses, such as have 
been described, may not only be used as a protection to sea bat¬ 
teries, but may also be employed to advantage, in inland positions, 
iu the defence of redouts, or other works, not casemated; and in 
all cases, their walls, if possible, should be covered against can¬ 
non shot by the parapets of the work, within which they are 
constructed. 
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Caseiuated redouts for the defence of a coast hove sometimes 
been made arcular, but in most cases a different form would be 
preferalde^ for it is seldom to be supposed, either that they can be 
equally liable to attack on every side, or that they can be required 
to act against shi])piiig,&c. with an equal number of guns in every 
direction.* In those sides of them, which face towards the sea, a 


• The dimensifitis of a ca<;cniatr(l nrrular whidi lias actually 

been construrted on the roast of Kn;!;land, arr a.s folltiw^. 

Its exterior diameter is about IW) lept at top. with parapets finm 10 to 
11 feet thick, and teiTepleiii.s ,‘H tcel 6 inches broad, so that thete iciiiaiiis 
an open area, or inter iur space, of about 90 ivet in diHinelcr. 

The exterior height of the scaqi rexctnieiit is neailx ot leet at th»; mer¬ 
lons, but 32 feet only at the einljrasures. 'i’hc tericpleiii is tilled up for 
10 heavy gnns, mounted on traversing platforms, wltii-h fire through the 
shallow eiiihrasures, above noticed, the triterior height of the parapet at 
the merlons being S feet, 'riiere is a baiKpiettc 3 led wule tliruiighoiit, 
and 2 feet high in front of the guns, but 3 leet 6 iiiehes high in other parts. 
There are diseugagefl traxerses hetxxeen the guns, « feet wide, 16 feel long, 
and S feet distant in fnmt from the parafiet. 'I'here is a gatexxny 10 feet 
wide, xxith a bridge and draxvbndge for entering the redout. 'I'he eoinuiii- 
iiicatioiis, iK lxxt cn tlic terreplcia and lutciior urea, arc by three staireuses, 
each 4 feet xx ide. 

The r't'dont is cnxered bx a glacis, liaxing a slope of 7t to 1, the line of 
XXliicli produced cuts the s<ai|i, about 3 feet 6 inches bcloxv the .soles of the 
enibnisurcH. The eounterscaip rcxetmciit is about 20 feet high, and 5 feet 
3 iuclics thick at bottom, wiili a moderate slope. 'J’hc ditch is about 23 feet 
G inches xxide at top, and has a dip at huttuin of 5 feet, being deepest on 
I he .scarp side. 

The scaq» icvetment i.s .3 feet 0 iiu lies thick only, in front (*f the casemates, 
but the ioxxer part ot it, which is laced with granite, is iiicieased to the 
lhicklics.s of 13 b et at bottom, being laid out xxiili a xerv great slope. 'J'ho 
casemates are 36 in nunibei, of xxhicli sexenleen arc rectangular, the 
remainder being of an ini'giilar xiidth. The former are alternately 1.7 feet 
7\ inches, and 11 feet imlies xxide. 'I’he piers are each 3 feet thick, 
and 7 feet high, measuring from llie wooden floor to the spring of the itieh, 
and are intersected by doors of eommuiiication, 4 feel xvide. All the ease- 
mutes have a eircular loophole in front, of 1 foot exterior diameter, and 
airholes, 9 inches square, finishing below the banquette, 't he iriegiilur 
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double tier of guns may be mounted, if thought proper, part on 
the terreplein of the redout, the remainder in casemates below. 
This of course implies that there is either no counterscarp, or a 
very low one, in that direction.* On the land side, >\here a coun¬ 
terscarp is absolutely necessary, if the work is intended to make a 
good defence, a double fire of this nature cannot properly be 
obtained. 

Towers, armed with cannon at top, have always been considered 
a good expedient for the defence of a coast, and have been built 
of various shapes and sizes, in different countries and situations. 
Of late, hos\evcr, round lowers, mounting fiom one to three, and 
not exceeding four guns, upon traversing platforms, have, upon the 
whole, been deemi'd the best adapted for the protection of an open 
beach ; and lia\e accoidingly been constructed, in great numbers, in 
llie British dominions, I)oth at home and abroad, particularly in the 
most accessible parts of the soutliern and eastern coasts of England. 


casemates have only one aiiliole, Ihe others two. Each casemate has one 
file place, excepting tliose fitted nji for oniceiV quarters and cooking places, 
vhieh ha^e two. 'I'hey aio each inclosed in rear b\ a wall 2 feet 3 inches 
thick, with a door and two windows, and a eireuiar aperture o\er the drmr. 
The lise ol the aiches of the caseinates is 7 feet 9 inches, the total depth of 
niasonr} o\ertlie crown of each being 4 feet 0 inches. 'J'hc Icnepleiiis 
aie 6 feet 6 iiulies high, in front, abo^o the crown of the aielies, and ha%e a 
reverse slope of 1 foot towards the central area. Almost the whole of the 
ledout above the level of the door of the casemates, is built of brick; 
bulow that level, granite, as before mentioned, and rough stone are used. 

* In projects which 1 have seen for fortifying their coast, the rreneh are 
very fond of miiltipiving artillery to a si]|>eilliioiis degree, proposing often 
to use two or even Ihioe tiers of heavy gnus in their raseimated sea batteries, 
when one ought to siidice. It is however to be observed, that in building 
a easemated coast leduiit, it may generally be advisable to laavc eascniated 
embrasures in all those sides of the work v\hi<‘Ii face tow arils the sea, for as 
the easemati's themselves must necessarily be eoiisfrneted for the arcom- 
inodatiun of Uic gairi.soii, vvliether they arc ever likely to be required as 
hattei'ies or not, there can he no disadvantage, ratlier the eontrjuy, in pre¬ 
paring tlicni fur this extra service, in vase of eiiicigeiiey. 
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Towers of this description have lately been distingnished by tlie 
tide of mirtello towers, in consequence of a good defence made 
by a smnli round tower of that name, in the island of Corsica. 

Martello towers should be at least 30 feet in exterior height, in 
order that they may not be easily carried by escalade; and their walls 
may have a small exterior slope, not exceeding one twelfth of die 
height. Their exteiior diameter will of course depend upon tlic 
number of guns, proposed to be mounted. The snialle!>t of them 
have been about .">0 fect high and 35 feet exterior diameter at top; 
the largest have been about 35 feet in exterior heiglit, ami seldom 
exceeding 50 feel in mean diameter at the top, measured also 
exteriorly. The term “ mean” is used, because the larger Linds 
of martello toweis have seldom oi nt\er been made exactly circular, 
as shall bereafu r be explained. 

Martello to^ieis are built with two stories, of which the upper 
one serves for die accomniudalioii of the troops, and is covered by 
a bombproof arch or arche.s. 'i'hc lower story should also be 
covered by light arches; or at least by a dour of incombustible 
materials : and it is usually divided into three or four small apart* 
ments, one of which serves for a powder magazine, the others 
being appropriated for provisions and other stores. A small cistern 
or tank is also usually placed, somewhere in or below the lower 
rtory. Above the bombproof arch there is a dat terrace, formed 
cndrely of solid masonry, upon which the gun or guns are mounted, 
and w'hich is secured all round by a parapet and banquette. The 
total depth of masonry' over the crown of the arch is seldom less 
than 5 feet; the usual height of the parapet being about 6 feet; 
and the width of the banquette I foot fj inches. 

nilie entrance of a martello tower is by a door, placed nearly on 
the level of the door of the upper story, to which the communication 
from without is either by a ladder or by a drawbridge. The upper 
alory communicates with the lower one, by a trapdoor or hatchway 
and ladder, or sometimes by a staircase, and with the terrace at top 
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either by a shaft, cut over the doonvay, and a ladder, or by a spiral 
staircase, or by one or two common staircases. There are always 
loopholes serving as windows, in the upper story, but there are 
sekiom aii) external apertures in the lower story, which Is venti¬ 
lated by winding air>iiules, usually carried up tow'ards the top of 
the tower. There is a fire-place and chimney in tlie upper story, 
and some towers have had a small furnace fur heating shot. ILlie 
doors aie placed towards the land, that being supposed to be the 
most secure side ; for which reason the mean thickness of the walls 
has usually been made rather less on that side, than towards tlie 
sea. By reason of this difference, these towers have sometimes 
been built of an elliptic form exteriorly, whilst the interior of them 
has been made circular. 

Towers and casematetl coast redouts are built entirely of 
masoniy in every jiart: for by reason of the superiority, above- 
pientioncd, which guns on shore gcneially possess over shipping^ 
walls and parapets, constiucted with brick or stone, although not 
culcalated to resist laud batteries for any length of time, will 
remain good, until the vessels engaged w'ith them are completely 
disabled. Hard stone should, however, not be used in parapets of 
any kind, if brick or soft stone are to be procured; the former 
mateiial being mucli more liable to produce duiigeruus spliu- 
ters.^ 

The walls and parapets of towers and casemated redouts, 
intended for coast defence, are seldom made more than 1(2 or 
feet thick, on their most exposed sides; nor are their parapets ever 
made less than 6 feet thick, in their weakest parts. When tlieir 
walls are covered by a counterscarp and glacis, winch is si>inetiines 
done, the thickness of the masonry may of course he greatly reduced, 
care being taken, however, that there shall be sufficient strength left 


* For tills reason, loopholej walls, scrv iiig as keeps or rctrenclniieiits, ar« 
ncvci built of hard stuiiv. 
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m all those parts, svhich may sene as piers or abutments to the 
bombproof arches.* 

In the small martello towers, the bombproof arch has often con¬ 
sisted of A DOME; which si|^nifics an arch, springing from one 
continued circular pier, formed by the exterior ^^alls of the tower, 
so as to resemble a hollow hemisphere or half globe. Sections 
taken through the center of this kind of arch, in every possible 
direction, are all exactly alike. In the larger towers, annular 
arches have often been used; that is to say, arches springing from 
two concentric circular piers, one of winch is formed by the 
exterior walls of the tower, whilst llie other consists of a small 
round pillar, built in the middle of it. In any section taken through 
the center of a tow er, constructed in ihib last mentioned manner, 
two arches will appear; but in reality they arc to he considered 
as only one continued aich, the plan of which is circular, so that 
it incloses n space like a ring ; from which circumstance it derives 
its name. 'J'lic central section of a dome, as also the perpen¬ 
dicular scclioii across any part of an anvclar arch, may 
cithei be a semicircle, ellipse, parabola, or segment of a circle, or 


In farKpeK hiiiK of inasoniy, about one foot of the top of the parapet, 
near tiic iiitnioi <‘rt‘st «f it, i.s iiMiali\ laid r)ijt hoiiKoiifall), or nearly so, 
1105011*1 V. hu ll the regular superior .slope* eoinineiifcs. lieu cmbrasurca 
iire e iit in siidi pr.rapets, it i.*« a! (» to be obsened, that the nee k or narrow¬ 
est part eif llie embrasure does not exactly agree w'ilb the interior slope, as 
til a tield balter\, but i.s e()minoiil> }>laced about one foot more to the front, 
beyond wliieb tlu* usual splat eutnineiiees. Those small portions of oaeh 
I lieek of an eiiibiasun* so <-oiistrueled, wliicli aie in real of'the neek of it, 
have also a spiny ba* k« aids, proportional to the exterior splai. Conse¬ 
quently the outlirif ol each cheek of a miusonry embrasure is represented in 
a plan, b\ two lines of \er5 tnieipial Icngliis forming an obtuse angle, each 
i,!iorl liiii: of the one elicc-k, bi iiig iieail) parallel to the long line of the 
other. 

In military works, the general mass of which is built of brick, all angles, 
eopings, &.e. arc generally faced with soft stone, when it is to be procured, 
and large bleeks of hard stoiic arc preferred fur the foundation. 
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in short of any form, used in die odicr more common kinds of 
arches, which spring from parallel right-lined piers. 

Sometimes instead of domes or annular arches, common arches 
have been used for martello lowers. This method saves trouble in 
the workmanship, but it gives the arch a >cry irregular appearance, 
because die interior of the tower is cither laid out in a circular 
form, or in the shape of a polygon, so as to approximate, in some 
degree, to the general outline of the exterior curve; and it must be 
evident, that unless the space covered by a common arch is rectan¬ 
gular, the arch cannot possibly have an uniform span and rise, 
throughout every part of its extent. 

A long gun, mounted on a traversing platform, requires an inte¬ 
rior space of about CO feet diameter, within die parapet, to be 
able to traverse freely iii all directions; and a carronade or lighter 
gun requires iG feet. If therefore dirce dotted circles touching 
each other are drawn, one from the center, a, with a radius of 10 
feet, the others from the centers, b, and c, widi a radius of 8 feet 
each, the aieas of all these circles added together will point out 
nearly tin; whole interior space, which ought to be comprehended 
wilbin the paiapct of a niartcllo tower, capable of mounting one 
long and two lighter guns. Afterwards by drawing an exterior 
circle through three points, d e f, chosen in such a niaiiner, that 
there shall not he less than a certain number of feet, 6 for example, 
comprehended between diem and any part of die circumference of 
die smaller circles, this will give the general extent of the exterior 
diameter at top of the required tower; as is represented in the 
following figure. The diick curved d 

line, immediately inclosing the dot¬ 
ted circles, shows the form, which it is 
. proper to give to the interior crest of the 
parapet, of a tower constructed for 
mounting more guns than one; it being 
desirable, that the muzzles of the guns 
should always project beyond the interior 
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crest of the parapet, which would not be the cnsc, unless the latter 
were curved in such a niaiiiicr, as to agree nearly with a r()nsider-< 
able porticn of each of the arcs, described by tlic several traversing 
platforms in their motion.*’ 

It will be obvious, that whenever, for Uic above reason, the 
iuterioi crest of the par.'ipet of a lower is indented or composed of a 
mixed curve, jiartlv convex and [lartJy concave, as rcpreseiltcd in our 
present figure ; the exterior nest of die parapet, and coiisequeiiUy 
the exterior outline of tlie tower, need not be exactly circular, but 


• If a line of Iioavv "uns mounted on travrrsirii; platfnrins vvcie never 
Bkcly'*to fire except 111 llie .same diieclioii, iiiterval.s of l i feet would liu 
quite .siiffieieiit. itiit a.s one i^iin ma> be lequircd to lie |>oiiitrd in oiio 
direction, and die adjoiniii;; ^uii iii a contrary one, at tbc same time, tiicir 
two traversing platforms would iiiterfeie with each uUicr, if less than about 
SO feet were allowed, as .staled in the tevl. 

The regulation traversing plalfomi for heavy guns ennsists of tw'o strong 
side pieces, which arc Iti feet lung, and cover a space of about 5 feet 
inches w idc, from out to out. The^ arc connected by three transoms or 
cross pieces. The center of the fore transom is ] foot 6 inches, that of tlio 
middle transom is G feet 3 inches, and that of the hind transom i.s 11 feet, 
from the front of the platform. Any one of these three points may bo 
chosen for the pivot or center of motion of a platfurin of tins description, 
which consequently may either be made to traverse in front, in center, or 
in rear. Tiic four trucks, upon w Inch the platform moves, arc fixed under 
the side pieces, near flic cxiremitics of the fore and bind transoms, and 
their axles must be directed towards tlic center of motion. Tlicy uiuvo 
either upon hard stone, or on narrow iron plates of a circular foriii, fixed 
down upon wood or stone, llicsc plates are called the kirbs, or some> 
timqil THE RACERS OF A TRAVERSING PLATFORM. 

When guns, mounted on traversing platforms, arc placed in rear of any 
right-lined face of a work, it is best to use platforms traversing in front. A 
traversing platform having its pivot in center has been recommended for 
acute salient angles, and the pivot in rear has been recommended for mora 
obtuse salient angles. The two last kinds of traversing platforms are the 
best adapted for towers. It is to be remarked, however, that peculiar tra¬ 
versing platforms have oAen been made on purpose for particular towers or 
other works, diflering in their general dimensions and coustructioui from 
those which have bean mentioned. 
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may be made in the form of some irregular or mixed curve^ so as 
to approximate to the interior outline of the parapet to a ceitaio 
degree. This has been attended to in planning some of the large 
towers on the coast of England, which mount three guns. 

The annexed figure shows the plan of the top of one of these towers, 
in M hich the interior and exterior crest of the parapet, and the ban¬ 
quette are represented, as also the pivots of the three traversing plat¬ 
forms, from which points, as centers, tlie circular portions of the inte¬ 
rior of the parapet are described. '^The least thickness given to the 
parapet in any part is fi feet. The exterior 
curve is an irregular figure, composed of 
seven ciicular arcs, described from so many 
different centers, its two greatest diame¬ 
ters at top being 30 feet 7 inches by 47 
feet 7 inches, which dimensions are in¬ 
creased, towards the bottom of the tower, 
by an exterior slope of one twelfth. The dotted lines show the 
position of the heads of two staircases, for ascending upon the 
terrace. 

As a further illustration of the nature of these towers, a second 
figure is added, representing the plan of their upper story. 

In tills, the principal door of the tow’er, 
as also four w indows, and two fire-places, 
and t!ie tw'o staircases, before mentioned, 
are distinctly shown. The small interior 
circle represents the central pier of the 
annular arch. Partitions, inclosing a 
small apartment for an officer, between 
which and the said pier a narrow' passage is 
left, are omitted for the sake of clearness. 

In the following figure, the section of one of the smaller martello 
towers is given, w'hich, being supposed to mount one heavy gun 
only, may be about 20 feet interior diameter at top, measuring from 
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Ae interioi' crest of the parapet on oik* side lo the forrcspon<iin!» 
point on Uie other, llje upper arch, which ui section is u circular 
segment, may represent a dome. The two arches of the lower 
story, may eitlier represent uiiannular arcli, winding round a contra! 
pier, or what tor a small tower would be more conveiuent, Uioy 
may represent the central section of two common segment arches, 
which, for tlie reason before mentioned, would, iu other pails, 
towards their extremi¬ 
ties, be of an irregular 
form. Tlie pivot of the 
traversing platform is 
represented above tlie 
principal arch, con¬ 
sisting of an iron niuc- 
pounder gun, properly 
fitted up and built into 
the masonry; this being tlie expedient most usually adopted for 
that purpose. 

It ought to be clearly understood, that the chief advantage of 
martello tow ers is their non-liability to be instantaneously entered 
and taken possession of, by sudden assault, after the landing of an 
enemy: because as far as regards the mere effect of the guns 
mounted upon them, if engaged with shipping in a distant canno¬ 
nade, there can be no doubt, but that the same number of guns 
would be equally efficacious, if placed in a common low field 
balteiy.* The round figure of the martello tower is some 

* The name of Martello tower was adopted, as before mentioned, in 
consequence of the good defence, made by a small round tower iu the bay 
of Martello, in Corsica, in the year 1794, which, although armed with one 
beavj gun only, beat off one or two British ships of war, without sustaining 
any material injury from their lire. But Uiis circumstance ought merely to 
bave proved the superiority, which guns on shore, must always, in certain 
mtuations, possess over those of shipping, no matter whether the funner are 
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advantage, because when exposed to a cannonade, all the ^ojt, 
which stiike it obliquely, glaiKre off, without materially iiguri|g 
the masonry. This advantage, however, is of importance only 
against ships, whose tire is uncertain. In opposing a land batter}', 
constructed within a moderate distance, and firing with the usual 
precision, it would be of very little avail, because almost evCiy 
shot might be made to strike perpendicularly upon the center 
of the building. Martello towers are therefore not to be fecom* 
mended in inland fortresses or positions ; alUiough no other kind of 


mounted on a tower or not. That this is a just decision, will perhaps be 
readily allowed, by all who are acquainted witli the following equally 
reinaikabic but less generally know ii fact, which occurred about twelve 
years afterwards, in the same part of the world. A common two-gua barbet 
battery, situated ou a commanding cliif on the coast of the kingdom of 
Naples, beat off a British 74'gun ship, supported by a frigate, occasioning 
a very severe loss to the ibrmer, although in the battery itself only one man 
was wotiuded. After the attempt to silence the battery by cannonade wan 
found to be entirely hopeless, a party of seamen and marines were landed 
with a eoupie of held pieces, who in a very short time made Uiemselvca 
masters not piereiy of this insignificant work, wdiich was quite open and 
dcfune 'less, but of a substantial building in rear of it, serving as a keep, in 
which (ue enemy had taken refuge, with a view to defend themselves by 
musquetry. 

The Corsican tower, before mentioned, which had in like manner com* 
pletely baflled a naval cannonade, w'as very soon found to surrender, when 
attacked by laud; not, however, before a small battery had been made to 
reduce it. 

From what has been said in this chapter, it may be inferred that it is very 
imprudent for a ship of war to engage in a protracted cannonade with a 
properly constructed coast battery, unless in cases of extreme emergency, 
when the good of the service absolutely requires that a certain risk should 
be incurred. The vessels best adapted to contend witli batteries, although 
even they will fight at a disadvantage, are small gun boats, mounting one 
loiig heavy gun in the bow, which ought always to spread themselves at con- 
uderable intervals apart, in order to prevent the battery fron concentrating 
its fire. Gun boats of this description arc only efficient in a calm, when they 
tan fire with great prccirion. 

VOL. II. I E 



482 ELEMENTARY FORTIFICATION, chap, xxni 


iporks are, upon the whole, better adapted for the defence of an 
Open beach, against a hostile fleet.'* 


* In order to give a more precise notion of t!io nature of some martello 
towers, which have actually been constructed ^litliiii the bust tittcen }cars, 
the following descriptions are added. 

Ist The large circular towers, built in Minorca, ^«hcn tlial i.sland was 
last in possession of the Eogli.sh. Mere 55 feet in e\(rtior diameter at top, 
their exterior height being 36 feet m ith a slope of 1-1‘Jtli. I'lie thickness of 
the parapet was 12 feet all round; its height 6 feet; its dip '2 feet 0 iiu ties. 
The height of the lower story of these toners was 11 feet; <»\er wliieli W 4 S 
a wooden floor cu\ ered with paving tiles, total depth 1 foot o inches: tho 
height of the upper stor) measuring to the crown of the arch wa.s 15 feet 
6 inches. The bombproof areh was a dome of a section nrarl\ eiiiiitical, 
the span of which was 31 feet, and its rise 11 feet 8 inches. The dome and 
exterior outline of the tower were described from the same coniiuoii center. 
The thickness of masonry o\er the crown of the dome wa.s 5 feet. 

Above the principal entrance, w hieh, like that of ail the other tow'crs 
abont to be described, was a door placed on the level of the upper apart¬ 
ment, there was a maehicooly, and a square bole or shaft for the conieni- 
ency of hauling up stores. The ascent to the terrace was by a spiral or 
winding staircase, cut in the wall. A hatchway and ladder led to the 
lower story, which wa.s partitioned off into three apartments. There was a 
cisteni excavated below the general level. 

The towers which have just fiecn described were very handsome, being 
faced with cut stone, both inside and out: and having a cordon and coping, 
the funner at the height bf 31 feet, above which tlie remainder of the exte¬ 
rior wall was boilt perpeiidieularly. 

A long heavy gun, whose center of motion was in rear, was mounted on 
these towers; but as there was much mure than sufficient room fur one gun, 
a howitzer or rarronade was also added. 

2d. The smaller circular towers, built in the same island, were 35 feet 
exterior diameter at top, their exterior height being 30 feet, with a slope of 
l-12th or l']5tli. The thickness of the parapet was 7 feel 6 incites all round; 
its height 5 feet 10 inches ; and its dip 2 feet 9 inchc.H. 

The form of the interior of the tower was an irregular octagon, which was 
described by first drawing a rectangle of 18 by 20 feet; and then setting off, 
from each angle, 3 feet upon the short .sides, and 3 feet 3 inches upon the 
long sides. The adjoining points, thus found, being connected by right 
lines, formed the short sides of the required octagon, the center of wlaob 



MARTELLO TOWERS. 


483 


It was before stated, tiiat strong timbers may be used in lieu of 
arches, for covering a battery against a plunging fire. 1 shall 

did not correspond wilh tlic center of the tower, Init was placed 2 feet 
6 incbcK in rear of it toitards the land side , in (trdcr to increase the strength 
of the masoiir} to^^ards the sea. The plan of the rpper story of one of 
these towers is represented b} the first of the annexed figures, in which the 
original rectangle is marked b\ the lettf is, a, h, e, d. 'i’he second figiiro 
repres(‘iit.s the |daii of tlie t</p of the toviei, in which the parapet and ban¬ 
quette and pitot of the gun ate distinctly .shown. 



The height of the lower story of these towers was 9 feet up to the crown 
of the arches, by whieli it wa.s eotered: the iJiickiio.ss of masonry over 
which was 1 foot. The height (»f the upper story up to the crown of the 
f»oml»proof arch was 10 feet. The tw<i aieiies of the lower story were each 
9 feel d inches span and '2 leet 3 inehe.s rise, resting partly on the sides, a b, 
and e d, as abutments, and paitly on an intermediate pier wall 1 foot thick. 
The bombproof arch rested on the sides, a c, and b d, as piers, and was 18 
feet wide, with a rise of 6 feet. The depth ot masonry over the crown of 
this arch was 5 feet 6 iuchc.s. The whole of the above arches were irregular 
in their appearance, being of course imperfect near the angular parts, a, b, 
c, and d. One of the arched apartments of the lower story was subdivided 
into two, by a partition wall. The extciior entrance or dour of the tower 
was 2 feet 6 inches higher than the upper story, to which there was a 
descent of 4 steps. Over the door was a rectangular shaft about 2 feet 
6 inches by 2 feet 10 inches, by means of which there was an ascent to a 
•mall machicooly cliamber, represented by the dotted lines iu the second 
figure, the interior width of which varies from 4 feet 6 iiiclies to 6 feet 6 inches, 
in the clear. The machicooly was supported by 4 corbels, and projected 
2 feet beyond the rest of the parapet, as is shown in the same figure. From 
the chamber to the terrace, there w'as an ascent of 3 steps each 1 foot high. 
The descent to the lower story was by a hatchway. Recesses not shown 
in the figure, were cat in the parapet of each of these small fowers, for 
pUming a grate to heat shot: in one of these towers, only, a small brick 

I I 2 
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conclude this chapter, by describing some other defensive purposes, 
that have not yet been noticed, to which woodw ork ma) be applied, 
parUCiilarly in those countries in which trees are plentiful. 


furnace, for that purpose, y^sas built in the said recess. As far as re^ids 
the general form of the interior of the ahoxe towers, and the iiuture of their 
arches, the eonstmetioii used may perhaps he allowed to he one of the 
simplest and most comcnieiit, that could lia\e been adopted, provided that 
the principal entrance and shaft had nut been pierced in one of the abut- 
raents of the great arch. 

The whole of the towers, coiistrueted in Minorca, lia«l not onl> airholes fot 
the powder magazine, but also a few loopholes or small w indows cut in the 
lower story, besides several in the upper storv. They were all I'cmded on 
rock, having cisterns arched at top, cut out of the rock. In .siuiic of them, 
a small well-hole was sunk from one of the w indow s ol the upper stor>, tor 
drawing water from the risteni, without going down helow. 

One tower, built in the same island, was of a very pceiiliar rniistruetion, 
having a narrow circular crenncled gallery in the lower story, im lo.sing tbu 
powder magazine. The loop-holes of tins gallery, wliieli were pierced 
through the exterior walls of the tower, were not cut perpendicularly, in 
the usual manner, hut obliquely, and either proceeding in angles from some 
common junction, or iutersectiiig each other, in the form of the letters V 
and X. 1 thought it proper to mention tins circumstance here, principally 
for the sake of defining these diverging and intersecting loop-holes, 
as they are called, which are often to bo met w itb in crenncled defensive 
works, particularly if the walls arc thick. The same tower had also a 
counterscarp and glacis, and a crcnneled counterscarp gallery of small 
extent, for the purpose of producing a reverse fire in the direction of the 
principal eutraucc. 

In the remaining towers, which arc about to he described, and which 
were built in various parts of the British dominions, there were no external 
apertures whatever, excepting in the upper story, the lower apartments 
being ventilated entirely by winding air-holes, about 1 foot square, carried 
up in the walls to a much higher level. 

3d. Some towers were built of an ellipse like form exterioriy, their 
transverse and conjugate axes being 39 feet 6 inches by 36 foet 6 inches at 
top. 'Fhe curve was composed of four circular arcs, described from so 
many difiereiit centers. The exterior height was 34 feet with a slope of 
1-lOUi. The terrace was a circle- of 24 feet diameter, the greatest thickness 
•f the parapet being 9 feet 6 inches; its least thickucss 6 feet; its height 
5 feet 10 inches; and its dip 1 foot 9 inches. 
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In field works, such as redouts, &.c. the powder magazines are 
always constructed of woodwork. The interior section ^veo to 


Til* form of the interior of the tower is similar to that of the terrace, and 
iiniimJiatel^ belt.a it, tieini; also a circle of 24 feet diameter. The lower 
stor\ is coM'rcti >)\ > couimuu segment arches, the greatest span of 

whii h i.s 10 fcci luJ iiiclics, Ihcir greatest rise being 3 feet 9 inches. They 
spring paiti^ i’ '(!• .i right-lined central pier, 9 feet 3 inches thick, and 
partii from tli(' ''\o-iior walls as abutments, winch, as these are of course 
Heart) scmn-i>. .u ir. oceasions tiic said arches to be of a very irregular 
appearaiM f', ''m-u set'lion in no two parts being exactly alike. The upper 
story of lilt' uiw (I IS eoieied by a segment dome of 24 feet span, and G feet 
0 ineiics li'C 'I lie height of the lower story, measuring from the wooden 
floor 1(1 the • rowii ot ihe an lies, hy which it is cohered, is 3 feet 9 inches ; 
the thickiK'ss of inasoiir\ at the I'rown of these arches is 1 foot 6 inches: 
height iioin thence to the crown of the dome, inrluding the wooden floor 
of the iippci story, 12 feet 2 inches. Depth of masonry over the crown 
of the dome 3 teel (i inches. 

Two staireases each 2 feet 6 inches wide, constructed in the thickest 
sides of the tower, lead from the upper .story, one of them to the terrace, 
the other to the lower apartments. 'I'lieir outline is parallel to the interior 
cirele of the lower, from Avliicli they are divided by a wall 1 foot 2 inches 
lliiek, the inside of wiiioli corresponds witli the .said circle. 

Below the wooden floor of the lower .st(»rv is a tank 5 feet 1 inch high, 
ineasnring to the crown of a nine-inch arch, by which it is covered, the 
section of which is a segment of 10 feet span and 1 foot 2 inches rise, 
nic thickness of the floor of the tank is 9 inches. 

4th. Other towers weic constructed, also of an elliptical form, exte- 
lioily, their transverse and conjugate axes at top being 39 feet 10 inches 
by 36 feet 10 inches. 'I'heir exterior height was 32 feet, with a slope of 
1-lOtJi. The terrace was a cirtde of QO feet diameter ; the greatest thick¬ 
ness of the parapet being 8 feet 10 inches; its least thickness 5 feet; its 
height 5 feet 10 inches; and its dip 1 foot S inches. 

The height of (he lower story of the lower, from the level of the wooden 
floor to the bottom of the joitits of the floor above it, is 7 feet 8 inches. 
The total depth of wood work of the floor of the upper story is 1 foot. Tlitj. 
liciglit of that story is 10 feet 7^ inches, measuring to the crown tli© 
annular bombproof arch, which is a segment of 11 feel span, and^3 feet 
2 inches rise. The total depth of masonry over Ihe crown of the arch is 
5 feet 6 inches. The ecntrul pier is 4 feet in diameter, which in the lower 
story is increased by ufl'sets to 3 feci. TJie general outline of (he interioi^ 
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them, ill field batteries in a siece, is iisiialh a riglit-aii^led triangle, 
of which the' base and liciglit are ncarl) e(jiral. The roof, which 


of the tower is formed by a rirrlr nf 2^ foet djanietor ('incliidiiiir the above 
pier), the center of which circle is innnediatrli below that of the terrace. 
About one fourth of the lower stor> is partitioned <ifr b) bnck walls, and 
covered bt lii^ht arches, which space is ujtpropriated to the powder maga* 
zinc and iis \evtihnk'. the body of the hidrn; parfh formed b\ a 

recess cut in the exterior wall of the tower, the thiekiiess of which ih 
thereby reduced to 7 feet 6 indip's at that part. 'I'lie descent to the lower 
apartments is bv a hatebwa>: the a.secnt to the terrare is b\ a stain'a.se 
1 foot 10| inches wide, the inteiior wall ot which is .3 feet thick, and ]>io- 
jects 2 feet inwards, beyond the general outline of the upper story. 

Sth. The largest kind of lower, beiore-ineiitioned in tiie text, .shall 
lastly be described more in deled. 

The exterior outline at top is an irregular curve, ('repicsented in the 
figure given iii page 179 ] the trans\ersc and coii|ugaie^diaiiieters ot whieli 
are 50 feet 7 inches by -17 feel 7 inches, us was before stated. The exterior 
height is b.i fe<*t. with a slope ol 1-I21li. 'I'lie ciiciilnr portions of the ter¬ 
race are de.scribed, one with a radiiis of 10 feel, the two oiheis with radii 
of 8 feet each, the least (hiekiiess of the parapet, which is \ery iriegiilar in 
its form, being b feet: it.s lutcrioi height 6 icet, and its dtp 1 lout 6 
inelies. 

The heiglit of the h»wcr story of the tiuver, from Ihe level of the wooden 
floor, to the bottum of the joists of the Door aho\(s it, is 8 li-et })f iticlies. 
The total depth of woodwoik ot the floor of the upper .story is 1 fiMit. 'I'lie 
height of that story is 11 feel Di- niches, nieasuiing to the crown of the 
annular bonibproot arch, which is a segment of 11 Icet (i im-hes span, and 
4 feet 3 iiielies rise, 'riie total depth of ina.soiiry over the crown of the 
arch is 5 feet 6 iiiclies. I’lu* central pier is 6 Icet in diameter, which in the 
Jower story, is iiiercused by ollscts to 7 feel. I'hc general outline of the 
interior of the lower, is formerl by a eiielc of S5 feel diameter (including 
the abcAC pier) in llie upper story, but by a circle of 34 feet only, in Ihn 
lower stoi^, the latter being icilurcd in wi<l(h in oidcr to obtain offsets for 
suppoiting the wall-plate of the wooden floor ahote it; a purpose which, 
in the lu^t described lower, w'as clFoeled hy stone corbels. About one 
fourth of the lower story is partitioned off' by brick walls, and is covrie.d 
over by niiic-inch arches, wliich spat'c is u|>pr(ipiiatrd tt> llie vestibule and 
light room of the powder magazine, the body of it being partly fiirmed by 
a rci css of 14 feel by 4 feet 9 inche.s, cut into the exterior wall of tlie 
tow cr. The remainder of the lower story is partitioned off into various 
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corresponds with the hypotlieinise of the triangle, and which con- 
sequeiitly slopes on one side only, is formed of strong tunben of 


store rooms, an<l there are 4 recesses cut into the exterior walls in certain 
parts *(1* that storj. 

Ill some of the towers, which we are now describing, the counterscarp is 
22 f< ef hi-»i above the level of the ditch, of which 20 feet 9 inches are 
reveted. die remainder being formed with an earthen slope. The counter^ 
scarp icvelinent is 1 foot lOf indies thick at top, with a slope of l-6th, its 
outline beiiia: perfectly < irciilar. and described with such a radius, that the 
narrowest parts of the diieli are 35 feet wide at bottom. It has counter¬ 
forts 1 foot long aii»l 3 teet wide, built at intervals of 18 feet apart from 
center to center. 1 be slope of the glacis is not quite regular, but in general, 

uhen produced, it cui.s the towei about 2 foci below the exterior crest of 
the |>arapet. 

riic exterior walls of this and the last described tower had each founda¬ 
tions, about 3 feel deep, below the surface of the ground. L'nder the 
wooden iiuor of (he lower story were iii\cited aiiiiiilar segment arches 
1 loot iJ inches lliiek, the lorni ol which scs icpresented in a section is not 
ri'gnlar, die center, from whence the curve Ls described, being much 
iieaicr to the exterior walls fhaii to the central pier. The whole space 
below these inverted arches is filled with masonry, extending to the same 
depth as the bottom of the exterior walls, and connected with it, so as to 
form a conlmiicd solid stone foiiiidation under the whole tower, the least 
thickness of which, at the parts iinmediatcty below the crow ii of the inverted 
arches, is 2 feet in the small towers, and 2 feet 6 inclie.s in the larger ones. 

In those towers, w hicli had annular arclie.s, the joists, that supported the 
floors, were generally laid diverging tioin the central piei like radii, and 
tliej were forked near their outvvaid extiemities, a shorter joist being 
boiteil to each of tlieui, in order to reduce the intervals there, which 
otherwise would have been loo great. This method of flooring being 
troublesome in execution, joists laid parallel to each other, according to 
the common method, and partly siippoitod by an intermediate pier wall, 
corresponding with the diamefei of the interior circle, might be used iu 
such towers to equal advantage. 

All the towers, which have been described, had reservoirs, sonic under 
tic oor of the lower story, others in leaden tanks placed in one of the 
store rooms. Iheir terraces had a proper slope with gutters :uid pipes to 
convey the rain water down into the tanks, which were provided also with 
waste pijics to throw out superfluous water, when sufficiently full. The 
lanks weie not intended to be used on coinmon occasions, for which reason 
wells were cut near tlie towers, paiticularly in the ditches of those which 
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from 8 inches to 1 foot square, with one end resting on the ground, 
whilst the other leans against Uie upper part of the interior revet¬ 
ment of die parapet of the magazine, which being composed of 


bad coonterscarps. In addition to a principal tank containing about 800 
gallons, there nas a smaller tank, in each of the large towers, capable of 
containing about 450 gallons; which was allowed for daily use, and was 
replenished when necessary from the well outside. In these towers there 
was a pump in the upper story, and other eonveinenres for drawing water 
from the well, and either discharging it into the expense tank, or raising it 
from thence. 

The whole of the towers had banquettes, of hard stone, about 1 fofrt 
6 inches wide, and from 1 foot 6 inches to l foot 9 inches high. 'Ilie fore 
trucks of the traversing platforms of the lighter pieces of ordnnnev, when 
such were used, commonly rested on these biin<|iiet1es. 

In some of the second rate towers, in addition to one long heavy gun, 
mounted on a common traversing platform, the pivot of winch was iixed in 
the center of the terrace, one or sometimes even two earronailes, or 
bowitsers, were fitted up with traversing platforms of a peculiar eon- 
stmetjon, so contrived, that these and the tormer tra\rrsed b) means of the 
same pivot, and >et could fire in the same direction near!}. 'I'liis .system 
was nut however found convenient, for when guns are so mounted, the 
recoil of one is alw'avs liable to impede the mannenvres of another. It has 
therefore since been laid dow n as a rule, that whenever more pieces of 
ordnniiec than one arc used, each of them should have its own distinct 
pivot, witli sufficient room to traverse iiidcpendeiit of the others. 

The doors of the towers seldom exceeded 6 feet 6 iiiehes in their great¬ 
est height, or 3 feet 6 inches in their greatest width, some of them being 
much smaller. In case of attack, it was intended, that they, atnl a part of 
the'Whole of the windows, should be blocked up with sandbags, whirh 
therefore formed an article of store, earth being also provided for filling 
them, when required. With a view to this emergeuey, in the three last 
described kind of towers, numerous air-holes were cut, not only in tlie 
lower, but also in the upper 8tor>'. 

It will easily be conceived, that altlioiigh the general and most important 
dimensions of martelio towers may be fixed by biirf descriptions, such as 
those which I have just given, there arc many lesser details not to be 
understood, witbont miM’e ample explanations, illustrated either by a number 
of appropriate drawings, or by a modal. 1 shall eoneliuic b} observing, 
that guns may not only be mounted on the Icrraec, but also lieliind case- 
mated embrasures in the npper story of lowers, if it were judged tiecc.ssary. 
and this practice has in some few cases been actually adopted. 
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rartli of proper height and thickness, covers it against direct shot 
fri’Hi the coeniv’s guns. By this construction, as tlie above beams 
arc laid neaily at the same angle of inclination, at which an enemy’s 
shells must necessarily descend in failing, any shell that strikes the 
roof of the magazine, will glance oil' without penetrating into the 
body of it. But in field redouts, if this construction were foU 
low(‘d, in building tlie necessary powder magazines, they could 
not always conveniently be made spacious enough to contain the 
whole quantity of gunpowder required; and therefore they are some¬ 
times formed w'ith a double set of beams, sloping on both sides^ 
and meeting in a ridge at top, like the roof of a common dwelling 
house. 

When this last described method of constructing a field powder 
magazine is followed, it will be evident, that sliells cannot possibly 
be glanced off by both sides of the ridge. In falling upon one of 
the sides, they may strike the beams perpendicularly, or nearly so. 
None, therefore, but very strong sound timbers should be used in 
this case, which should be connected by proper braces, and other* 
M ise put together in a substantial manner; and they should after¬ 
wards be covered by several feet of earth, without which they can¬ 
not by any means be considered secure. lu order that field 
powder magazines may not be -too conspicuous, they are, in diy 
soil, always sunk some feet below the surface of the ground, and 
the lain water is prevented from entering them, eitlier by a cesspool, 
occasionally baled out, which is sufficient in a common open bat¬ 
tery ; or by a drain, communicating from the magazine to the ditch 
of the work. This drain, in a redout or inclosed work, usually 
passes under the gale or entrance. 

A very extensive use of woodwork, even in permanent foitifik 
cation, has been lecommended by some authors, who propose that 
bombproof casemates, and crenneled counterscarp galleries, should 
be formed thereof. If this suggestion were followed in practice. 
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^ roofs of the said casemates and galleries may be composed of 
strong beams laid horizontally or nearly so, piupeily supported by 
uprights at certain intervals; and tlie greater the depth, that can 
conveniently be given to the woodwork of the roof, as well as to 
ike superincumbent mass of covering eaitli, so much the stronger 
will these timbek bombpkoops bo. It is to be remarked, how¬ 
ever, that tins coustruclioii can only with propriety be recom¬ 
mended for immediate use, in fortifying a well wooded country 
under critical circumstances; for as casemates and galleries must 
necessarily be covered with earth, the woodwork will decay, in a 
much shorter time than that of a common biiiidiiig: so that, 
upon the whole, masonry is preferable, as being eventually a 
cheaper material. 

In fortresses not provided witli proper casemates, temporary 
bombproofs are often hastily constructed in case of a siege, by 
choosing some part of the revetments, which are nut exposed to 
the effect of the enemy's batleiics, and setting up stiong timbers 
gainst them at an angle of about Thus are formed a kind 

of sheds or huts for the reception of the men, who are not on 
duty; tlie section of which is triangular, and which are usually 
called SPLIKTEUPUOOF ACCOMMODATIONS, bccaiisc they are 
more likely, by reason of their slope, to be struck by the fiagments 
of a shell after it bursts, than by the shell itself in fulling. 

A BLOCKHOUSE Signifies a defensible barrack, formed of 
woodwork, which is generally armed w'ilh guns on its upper story, 
being always made at least two stories high. The walls are built 
of strong timbers not less than 1 foot thick. The upper story 
should project about 3 feet, the whole of which projecting part 
should have vertical loop-holes, cut at proper intervals, to serve as 
a continued maciiicooly for defending the foot of the building: 
these loop-holes to be covered by shutters, except when actually 
used against an enemy. Both stories are also usually creiinelcd, 
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fare being taken, that the lowest tier of loop-holes shall be cat at 
such a height, that an enemy, on advancing close to the bottom 
of the building, shall not be able to see into the interior, and Are 
conveniently upon the defenders, by means of their own loop-holes: 
a rule, which it is, how'ever, proper to state, is not conhned to 
blockhouses alone, but should be attended to in every kind of 
crenneled defensive work.* The foundation of a blockhouse 
should be of brick or stone, built substantially, and carried up 
some I'eet above the surface, whenever the proper materials are to 
be procured, and there is no pressure for time. A flat roof, pro¬ 
perly secured against wet, anil inclosed by a musquet proof timber 
paiapet, is the best kind of covenng that can be adopted for such 
buildings. 


* Lorip-Iiok's are usually made iiarruvicsl inside, this being generally 
eoiisidrn-d llic tucfliod of consti iictiiig them; but in reality it seldom 
makes am ^tent diflcrciM-c in the ii.sr of tluMii, on what side they splay. 
If thtTcroro ilx'ir lHM<>lit i.s equal, oil both sides of any crenneled work, 
it Mill be oliMoiis, liiat the eiieniy’s troops bom Mithoiit, as soon as they 
reach the foot ol tiie Mali, may take un e(|uaily good aim, through the loop¬ 
holes. and with eipiai eiieet, against the gaiiison of the woik, as the latter 
cm do III deleiidiMg it. Consequently the as.snil:nits, by superiority of 
Diiniheis, m.-iy lone a Moik so eoiistiueted to .suneiider, even without 
penetrating into it. J-'or tins reason, loiqvholos should either be eon- 
stiiieted. eloso to the siirfar-e ol the oxteiior ground, like lliosc of the 
ca.seinated eaponier, represented in the second figure of page 384 ; or their 
soles slionUI be raised at least j feet 6 iiiebes above that le\el. In a block' 
hou.se or defensible liiiildiiig, not proMiled with stioiig iiitcrinr partitions, 
tins preeuutioii is more esNeiilially necessary, because it will be evident, 
thill if an rtietuy can eoiivenieiitly liri* into the looji-holes, they will be able 
to lake one part of the defend .'is in leAorse, whilst thev opposo the others 
ill froiil; so lliat, e\eii with equal numbers, they must liu\e the advantage. 
|n the crenneled eounlei'searpg.alleiie.s of works, whoso dilelies are projverly 
Hanked, it is of less importaiiee on wlial level the loop-iiolos arc placed, 
although it is always desirable that the above rule .sluuild be aticmlcd to, 
when cireiunstariccs w ill permit. It is the same eousidei.ilion, wiiicb ren¬ 
ders the drop liclore a riisctnalcd battery, absolutely necessary, whenever 
yhc cmbnusiues arc placed low. 
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Tlie guns ia blockhouses are fitted up with breech lashings, 
tackles, &c. on the same principle as on board ship, and may 
also be placed at the same intervals apart, in proportion to their 
nature. Carronades are more commonly mounted in blockhouses, 
than long guns. Generally speaking, about 12 feet per gun, b 
tufficient, so that for example a blockhouse of 30 feet square may 
have four embrasures or PORTiiOLns* for cannon, on each side 
of it; it being obser\'ed, however, that when two adjoining sides 
of a blockhouse are engaged at tlie same time, one of those two 
guns, which aie nearest to the angle, must remain inactive, as it 
camtot be bred without impeding the manoeuvres of the other. 

It will of course be readily understood, tiiat blockhouses have 
not only the great disadvantage of being built of combustible 
materials, but are also, from their construction, iiic.npubic of 
resbting a common field battery' of equal force. Notwithstanding 
diese defects, they may how'ever, under many cirrumstaiiccs, be of 
80 much use, as fully to justify the erection of them in those 
countries, in which tlieir expense is trilling. 

There is another species of defensive work, which may he formed 
of timber, called an absatis, the nature of which shall next be 

explained. 

A great number of trees arc cut down, and placed in any given 
allinemeDt, w'ith all their trunks inwards, and the branches pointing 
outwards, the smallest and weakest of which are previously lopped 
off. It may easily be imagined, that a sufficient number of trees, 
put together in this manner, even loosely in the open field, wilt 
form a very serious obstai le to an enemy’s troops : but to add to 
tbe strength of abbatis, it is usual to construct an earthen parapet 
and banquette for infantry, immediately in rear of the trunks of 


• The term “ porthole or port” is applied to a rectangular embrasure cut 
through wwduork, as for example iri ships of war. 
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ike trees, a part of which may be buried in the said parapet, so as 
to increase tlie solidity of the work. 

Abbatis, although effectual against an attack by infantry, may 
be greatly injured, and in a certain time rendered unserviceable, by 
tlie tire of iirtillery. It is tlierefore common, when they are 
employed in the strengthening of earthen works, to place them in 
dry ditches, or in other situations covered from direct cannon shot. 
When an abbatis is constructed in a ditch, the trunks of the trees 
vliich compose it, may be fixed some feet in the ground, like 
palisades, and the general line of the whole may incline outwards, 
at an angle of about 45^^, instead of being placed horizontally or 
nearly so, as in the former supposition. 

Although abbatis, and the various other timber works, which 
have just been described, are most commonly used in temporary 
fortification; it was judged proper not to omit them here, because, 
in cases of emergency, they may often be applied, with equal 
propiiety, to improve the dcfencesj or to remedy the existing 
defects, of works of permanent fortification. 


CHAP. XXIV. 

OF THE STRENGTH OF REVETMENTS, AS OPPOSED TO 
THE PRESSURE OF EARTH.—VAUBAN'S GENERAL PRO¬ 
FILE ANALYZED.—SLOPING REVETMENTS, RECTANGU¬ 
LAR REVETMENTS, AND COUNl’ER-SLOPING REVET¬ 
MENTS, COMPARED.—OF DEMIREVETMENTS OR PAR¬ 
TIAL REVETMENTS; AND OF LEANING REVETMENTS. 

I shall now explain the principles, which ought to be kept in 
view, in fixing the dimensions of the revetments of a fortress. 

It has already been stated, that they should be of a certain 
height, in order to render it difficult for an enemy to take them by 
escalade. In determining their thickness, one of the principal 
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consideratioiis is, to give them sufficient strength, to resist the 
great pressure of earth and rubbish, acting ngainst the back of 
them, which has a constant tendency to overset the Mali, and thiow 
it forwards into the ditch. 

Draw two sections of the rampart of a fortress, of equal height, 
making the revetment, in one rectangular, but in the other, let it 
have a slope in front, in the usual form; and let the base of liic 
rectangular revetment be equal to the mean thickness of die sloping 
one: that is to say, let it be equal to one half of die thickness at 
top, and of the thickness at bottom, of the sloping revetment, 
added together. 

Let the top of the revetment, and the foot of the interior slope 
of the parapet, be upon die same level, in both sections; and let 
the rampart and parapet be of the same dimensions, in both. 

From die back of the base of each revetment, draw a doited 
oblique line, a c, meeting the upper part of the rampart, and 
sloping in the pioportion of 1 to 1. In one of the sections, only, 
from the same point, draw another oblique dotted line, a e, at a 
smaller slope. Mark the back of the top of each re\etment by 
the letter, b, and the bottom of the front of each by the letter, d; 
and dot the base of your parapet in both figures.* 



* In the succeediog parts of this chapter, a revetment continued up to 
the level of the base of the parapet, in the manner represented in these 
flgnret, shall be called a full revetment, although there may nut ahva 3 ^s he 
a small exterior parapet-revetment above it, which is generally supposed to 
be the case, when the above term is used, at least if nothing is speciOed te 
the eontrary. 
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It was stated, in a former part of this book, that earthen works, 
unreveted, cannot possibly stand perpendicularly, but must be 
formed with a certain slope, in order to insure dieir durability; that 
the looser kinds of earth require a greater slope, in proportion to 
their height, than stiff' earth; and that, on an average, it has been 
found, that earth of a middling tenacity requires a slope of about 
1 to 1, such as was represented in your figures, by the line, ac, 
to enable it to stand in a permanent form, for any length of time. 
Let us suppose that the ramparts, of which we have drawn did 
sections, are composed of eailh of this last mentioned quality. 

^J'hen It must be eMilent, that, if there were no revetment, the 
whole of the earth of that part of each rampart, which is in front 
of the dotted line, a c, would be liable to fall; because it is partly 
per])rndicular, and even if you were to slope off any portion of 
it, from the point, a, in the form, a e, for instance; such a slope 
would still be less than the proper or natural slope, ac, which, 
according to our supposition, is the smallest slope that will enable 
earth of the above quality to stand, or preserve its figure for a per¬ 
manency. 

Consequently the whole of that portion of the rampart, which 
is represented by the triangle, a b c, being supported in an unna¬ 
tural position, may appear to press as a dead weight against the 
back of the revetment; and to this pressure a considerable addition 
must be made by the weight of the parapet, which also derives its 
sole support from the revetment, as will appear equally evident, 
by inspecting either of the figures. 

The point, d, at the foot of tlie revetment, being on the level of 
the bottom of the ditch, is supported by the mass of ground in 
front of it, against the pressure in rear; and cannot be forced from 
its place. No otlier part of the revetment is so supported, and 
therefore, the tendency of the pressure of earth from behind is to 
overset the wall, by throwing it forwards upon the point, d, as on a 
pivot or fulcrum. 
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As far at regards the difference between your two sections, it is 
to be observed, that by constructing the front of a levctmeut with 
a slope, the pivot is thrown more forward, wliiUt the great weight 
or mass of the masooiy, or in otlier words the center of gravity of 
the wall,* is kept more backwaids, than w ould be the case in a 
rectangular wall, containing the same quantity of materials. The 
mass of masonry, contained in a sloping wall, does tlierefore resist 
the pressure of the earth behind it, with a longer lever, than could 
i>e done by the same mass, contained in a rectangular wall of equal 
height; and consequent!), according to tlie principles of mechanics, 
the f(Miner is the strongest of the two. 

For this reason, exterior slopes have almost always been con- 
aidered proper, not only for tlie revetments of fortresses, but also 
for retaining walls, in civil works.' The more early modern engi¬ 
neers usually gave their revetments a slope of one fifth. Afterwards 
one sixth was more commonly used. Latterly, it has, by many, 
been considered best to reduce it to a still smaller proportion, such 
as one eighth, one tenth, or one twelfth; and some w'riters of 
reputation have even recommended, that tlie slope should be sup¬ 
pressed altogether. 

The reason urged is, that the seeds of vegetable matter, which 
seldom or never affect a perpendicular surface, generally insinuate 
themselves into the joints of sloping walls; where they take root, 
and by degrees ruin the face of the masonry. This remark may 
be proved, by daily observation, in tlie horizontal or sloping parts 
of common garden walls, &c.; and it has actually been found, that 
the revetments of fortified places, when constructed with great 
slopes, such as one fifth, are liable to considerable external injury 
from tins cause, so that they require new pointing and facing, from 


* For various useful propositions, relative to the center gravity of 
bodies, see Dr. Hutton’s Course of Mathematics. Vol. 11. 
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time to time; a mode of repair, which never unites well wiUi the 
body of the original work. 

In practical aits, the surest rules are always derived from expe¬ 
rience. Having noticed tlu* general principles, according to which 
tlie strength of revetments ought to be regulated ; I shall theiefore 
proceed to state the actual dimensions, used by Vauban, who was 
employed in the construction and repairs of a very great number of 
fortresses ; and whose walls are not, in any case, said to have failed. 

He gave all his revetments an exterior slope of one fifth; and 
made them uniformly 5 feet 4 inches thick at top ; so that their 
thickness at bottom would of course var}, in proportion to their 
height. He always used diminislied counterforts, making their 
breadth at the tail, two thirds of their breadth at the root; and placing 
them at central intervals of from I j to 18 feet apart. For a revet¬ 
ment 10 feet high, he allowed a counterfort 4 feet long and 3 feet 
wide at the root. For every additional 3 feel of height given to the 
revetment, he made his counterforts 1 foot longer, 6 inches br ader 
at the root, and 4 inches broader at the tail. The general profile, 
thus regulated, will afterwards be more particularly explained by 
the first table of revetments (See page 301). 

Vauban almost always constructed his ramparts with full revet¬ 
ments, surmounting the common scarp revetment by a small exterior 
parapet revetment. Draw therefore a rampart in that form, adding 
a dotted line, as in your last figures, to represent the natural slope 
of common earth, and let the point, where this line meets the 
upper part of your rampart, be marked by the letter, c. Mark 
the bottom of the revet¬ 
ment by the letters, a d, 
and the top of it by the 
letters, b e. Mark also 
the parapet by the let¬ 
ter P. 

The solidity and weight of the scarp revetment, in our present 
VOL. II. 
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figure, will be repre.Hented by the area of tlie figure, abed; whilst 
the weight of earth, acting upon it, will be represented by the area 
of the trianglei a b c, added to that of the earthen part, P, of the 
parapet.* 

If we suppose the small exteiior revetment of Uie parapet to be 
3 feet thick, and tlie total thickness of die parapet, at top, to be 18 
feet; there will remain Ij feet, for die thickness, at top, of the 
earthen part of the parapet. Let us further suppose, that die 
parapet has an interior slope of one third, with a dip of one sixdi 
of its thickness ; then the exterior height of the earthen part of the 
parapet will be 5 feet. This numlKT \\ ill also express the interior 
height of the small parapet-revetment; die exterior height of which 
will be 4 feet 6 inches. 

Assuming these diincnsioiis, die area or superficial contents of 
the earthen part of the parapet, P, will be 103*125 superficial feet; 
and the area of the small exterior revetment of the parapet will be 
14*25 superficial feet, in all cases, whatever the height of the revel- 
meot may be. The contents of die triangle, a b c, will vary accord¬ 
ing to the height of the revetment. Let us suppose, for example, 
that the said height, represented in our figure by the line, a b, is 30 
feet; be will also be 30 feet, because the slope of ac is supposed 
to be in the proportion of 1 to 1. ITie area of the triangle, a b c, 
will therefore be equal to half the square of SO, that is to 450 
superficial feet. Add this number to 103*125 the area of die 
earthen part of the parapet, before found, and the sum will be 
553*125 superficial feet, wiiich will represent the total quantity of 
earth, pressing upon the revetments. 


• Generally speaking, this a|tplies to all ilie iicights most eommonly used 
for revetments ; but if the height is much less than usual, as for instance, if 
a b is supposed to be less tlian 1 > feel; then a part only of P must b« 
included in the pressure, bccanso the dotlcii line, a c, will not fall in rear of 
the parapet, but will cut off some poi lion of it, in the manner represented 
bf the line, ac, in the first figure given in lliis tliapl«». 
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By referring to the first table of revetments, you v.:l] find that the 
hiean thickness, of one of Vauban’s scarp revetm :U -. ; o feet high, 
is 8 feet 4 inches. Multiply these numbers togetiier, ana the product, 
250 superficial feet, will represent the total quantity of masoin\ in 
the scarp revetment of your figure. 

The quantity of masonry in one of Vauban’s scarp revetments, 
supposed to be 30 feet high, is therefore to the quantity of earth, 
pressing upon the back of it, as 250 to 553*125, or as 45^ to 100 
nearly. But as we do not learn, that he ever dispensed with coun¬ 
terforts, in his scarp revetments, the above cannot be considered 
as the true proportion, between the quantity of masonry and the 
pressure of earth, in that Engineer’s profile. We must therefore 
calculate, and add in a certain proportion, for the contents of the 
counterforts ; and we must also take into consideration the small 
exterior revetment of the parapet, before we can arrive at a true 
conclusion. 

In a revetment .30 feet high, the length of V^auban’s coimter- 
foits, according to the Table, is 8 feet, and their mean width 
4 feet 2 inches. Multiply these three diinension.s togetlier, and 
you will find a result of 1000 cubic feet, for the solid content of 
each counterfort. 

Vauban’s counterforts arc placed from 1.5 to 18 feet apart, 
according to circumstances. Their mean distance m center 
to center may therefore be considered equal to 1G\ feet. An 
additional mass of 1000 cubic feet ol masonry h(ing there¬ 
fore added to every sixteeu feet and a half, in length, of the 
revetment; if you divide 1000 by l6j, the quotient is GO‘t)O0 
superficial feet; which will represent the mean quantity of masonry, 
added to the area of the revetments in general, by llie counterforts. 

.Again, if the above result is divided by 30, the height; tire 
quotient will be 2*0202 or 2 feel 0.1 inch nc.irly, which show s the 
mean thickness, that would be added to the reietments, by the 
total quantity of nia.sonry, contained in the counterforts; if, 


K K 2 
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instead of being built io that form, it were applied to the back of 
the scarp revetment, in one continued mass.* Adding therefore 
2 feet 04 inch to 8 feet 4 inches, which, according to the Table, 
is the mean thickness of masonry in one of Vaubaii’s revetments 
SO feet high, the sum will be 10 feet 4.1 inches, and this will 
represent the mean thickness of a wall SO feet high, supposed to 
be built without any counterforts; and composing a mass of 
masonry, equal to the whole of that, which is contained in Vau 
ban’s scarp revetment and its counterforts, added togetlicr. 

It was before stated, that the quantity of masonry, contained in 
the scarp revetment of our profile, is represented by 250 super* 
ficial feet; that the mean quantity of masonry, added to this by 
the counterforts, is 60’606 superficial feet; and that the quantity 
of masonry', contained in the small exterior revetment of the para* 
pet, is 14*25 superficial feet. Tliese nunibeis, added togetlicr, 
amount to 324*856 superficial feet, which nill ronsequently repre* 
aent the total quantity of masonry, emplo}ed in one of Vaubaii’s 
profiles, SO feet high. 

Tlie proportion, therefore, between the quantity of masonry and 
the pressure of earth, acting upon it, in one of V’auban’s profiles 
of the above height, will be as 324 856 to 553*125 ; or as 58*731 
to 100 nearly. 

Upon similar calculations, has been formed the second Table of 
revetments, which is a kind of analysis of Vauban’s general Profile. 


• Rule. To find Ike mean tliicknens of masoniy adilrd lo any profile h; 
the counterforlit, by a shorter method. Multiply iLu k nglli of the coun¬ 
terfort* by (heir mcun width, aud divide the product b} their distance from 
center to center. 

Thus for example, in Vauban’s scarp revetments, 30 feet high, multiply 
8 the length of the counterforts, by 4 feet 3 inches, their mean width; and 
the product 331 feet, divided by 16^ feet, the mean distance of the coun¬ 
terforts from center to center according to the Table, will yield a quotient 
of 2 feet Of inches nearly as hefiire. The longer method, given in the 
text, was merely inserted for the sake of clearness, it being more expla¬ 
natory. 
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Dimensions of f'aubatCs General Profile for Fall Scarp Revelmenls. 
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yaubans Ccficral Profile of Full Scarp Revetments analyzed. 
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Tlie lai«t column in the second table, which states the quantity 
of cubic yaids of masonry contained in one runuing yard of ram¬ 
part, has been added for the piirpf>se of enabling the reader to 
form an expeditious estimate of the average quantity of masonry 
recpiircd for the scarp revetments of a fortress of any extent. 

Foi example, b\ referring to the first Table in Chap. XVI, {See 
pn^e it will be found, that the length of the outline of a front 
of foitification of S84 yards exterior side, with a perpendicular of 
64 yaid-', and faces of 110 }ards, is 482'6 yards. If we suppose th« 
fortress to be a liexagon, the above number, multiplied by 6, gives 
289 VG for the total length of the scarp revetments of the main in¬ 
closure, in yards. But if the walls are SO feet high and constructed 
according to V^auban's general profile, there will, by the second table 
of this chapter, be S6*095 cubic yards of masonry in each running 
yard of rampart. Multiply, therefore,‘the numbers 2895*6 and 36*09-^ 
together, and after striking out superfluous decimals, the product 
will be 104,516 nearly, w hicli show's the total number of cubic yards 
of masonry, that will be required for building the w'holeof the scarp 
levctmeiits and counterforts of the body of the place of the sup¬ 
posed hexagon, according to tlie said profile. It will be evident, that 
a similar combination of the various tables, contained in Chap. XVI, 
and in our present chapter, may be easily applied to a great variety 
of other cases; and therefore more examples may be deemed 
superfluous. 

Some writers on fortification, in treating of this part of their 
subject, have laid down as a rule, that the scarp revetment alone, 
without the assistance of counterforts, should, in all cases, be in 
exact equilibrium with the pressure of earth nearly; and just 
capable of resisting it. And that, after this point is determined, 
4 :ounterforts should be added, also bearing some invariable pro¬ 
portion to the pressure, in order to insure the durability of the 
walls, and to give them, at all heights, a certain fixed prepon- 
derancy over the force which acts upon them: so that the strength 
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of the total mass of masonry siiall, in every part of the fortre.ss, bo 
greater in the said proportion; as, for instance, that it shall be 
greater by one half, or by one third, than what is absolutely and 
barely necessary for resisting tl^e pressure. Rea.soniug on the 
above principle, many authors have censured Vuuban’s ••ciieral 
profile, as contained in the foregoing tables, alleging, that his 
revetments, in low profiles, are unnecessarily strong : but tliat, in 
high profiles, they are a great deal too weak, in proportion to the 
pressure of eartli acting upon them. 

For example, by referring to the last Table, you will find, that 
in walls 20 feet high, the masonry contained in \'aul>airs scarp 
revetment is to the pressiue of earth, as 140 660 supeificial feet to 
303’ 125, or as 48‘.S85 to 100 nearly: whereas in w alls 80 feel high, 
the proportion of tlie masonry contained in his scarp rewetment is 
to the pressure of earth, as lOOO'OOG to 3;]OJ12o; or as to 

JOO nearly : the rc\ctment being stronger by about one half, in pio- 
portion to the pressure, in the former ca.se, than iii the latter. 

Again, by further examining Vaiibau’s general profile, it will 
appear, that there is no fi.ved proportion between the stienglb of 
bis scarp revetments and that of his counterforts : for in his low 
profiles, the mass of masonry, contained in the former, bears a 
much greater proportion to that, which is contained in the latter, 
tiian in his high profiles; and in no two different heights is it the 
same. 

For example, in walls 10 feet high, it appears by the second 
table, that the scarp revetment is to the counterfort, as 03*333 
superficial feet to 6*06, that is to say, the revetment is more than 
teu'times greater than tlie counterfort. In walls 20 feet high, the 
scarp revetment is about six times greater than the counterfoHs: 
in walls 40 feet high, it is about three times greater: in walls Oq 
feet high, it is about twice as great: but in walls 80 feet high, 
the scarp revetment is only greater, by one half, than the conn* 
terforts. 
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As Vauban niust^ therefore, have acted upon quite a different 
principle, from tliose, who recommend that tlie revetment and the 
counterforts shall, in ail cases, bear nearly the same given ratio to 
each other, whatever the height may be: it seems by no means 
fair, that tliese authors should decide upon the merit or strength of 
his general profile by their own rules, in the manner before men¬ 
tioned. We are not informed, that, in any instance, that Engineer 
ever binit his revetments ithout counterforts; and therefore the 
only just method of judging of the strength of his walls, is to 
consider his revetments and counterforts not separately, but as 
combined together, and forming only one and the same mass, 
winch is always the case in reality, when the masonry is good. 
And if llic subject is thus considered, V'auban’s general prutiie will 
not appear to be so very inconsistent with itself, at different heights, 
as is pretended by the writers before alluded to. 

For example, by the second table, it will be seen that in walls 
of from 20 to feet, which comprehend the heights most gene¬ 
rally used in the revetments of foi tresses, the proportion of the 
total quantity of masonry in Vauban’s general profile, when com¬ 
pared w ith the pressure of eaith, varies only between the ratio of 
()l*()8J to 100, and the ratio of 57’42 to 100, which difference 
is by no means considerable ; and even if we take those two 
ratios, given in the same table, which are the most discordant with 
each other; the masonry of the one is only stronger in proportion 
by about one eighth, than that of the other. 

Still as tliere is a difference of ratio, at different heights, which 
although not very great, may certainly be considered as a defect 
in Vauban’s general profile; it may be deemed best, instead of 
following implicitly the rules laid down in his tables, to adopt from 
^ongst the various ratios, used by him, that which is the least 
expensive, of all those whose strength has been fully proved by 
experience. Now it is well known, that Vauban’s revetments were 
generally about 32 feet high| measuiiug from the level of the ditch 
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to the cordon, that is to suy witiiout including the small exterior 
revetment of the parapet. He mav occasionally have made his 
revetments lower, but seldom or no er much higher than the above 
dimension. We in:t\ therefoic call SO feel the average height. 
But by tlie second tabic, it appears that at the I’cp.dit of SO feet, 
the total quantity of niasonrv in Vauban s gcneial pi otile is to llie 
pressure of earth as 58‘7Sl to KX). Without regarding the ratios 
used by him, at other heights, greater or less than tlie above, this 
therefore may be assumed as a good piopoition to folh<%\ in prac¬ 
tice ; that is to say, if at any height of pi utile whatsoever, wc 
make the strength of our niasonr}' to the pressure of eartii acting 
upon it in the same proportion, namel} as 58’7.01 to 100 nearly, we 
sliall run no risk of failure. 

In some cases, however, it is to b<! observed, that \'auban admit¬ 
ted of a deviation from the proportions, stated in his gcneial 
profile. If, for instance, the masonry used in constructing a for¬ 
tress, was of a bad quality, lie recommended the thickness, at top, 
of the scarp revetment, to be increased to .5 feet 10 inches. If, on 
the contrary, the masonry was remarkably good and strong, he 
then allowed 4 feet 10 inches only, for the thickness, at top, of 
his scarp revetment; which is 6 inches less than the dimension laid 
down in Uie table. In sonic of his works, tlie small exterior 
revetments of tlie parapets were either dispensed with, or after¬ 
wards pulled dow'o; and yet no failure ensued. Supposing all 
these diminishing circumstances to take place in a revetment of JO 
feet high, and that the counterforts are built at intervals of 18 feet 
from center to center, which we are told was the praetke most 
commonly followed by Vauban; then instead of the propoHmn 
laid down in the table, the total quantity of masonry of such 
profile would be to the pressure of earth as 2QO'oo5 to 577*5, or 
as 50*812 to 100 nearly. 

Moreover it appears^ that other Engineers, who have subse-r 
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quently been employed in the construction of fortresses, whilst they 
adhered to Vauban’s general profile in other respects, have usually 
diminished tlie slope of tlieir revetments from one fifth to one 
sixth, without making an> addition to the thickness at top, on that 
account. In a revetment 30 feet high, this construction also 
diminishes the total quantity of masonry to the last named ratio; 
and yet we do not hear ti)at, in any instance, it has been found too 
weak. 

Upon the whole, it follows, that if the quantity of masonry in 
any profile is made to the pressure of earth, as 38*731 to 100, it 
will be peifertly .siiong in almost all cases ; that in many cases, it 
may even be diminished, so as to bear to the pressure a proportion 
of 30’.>12 to UK) : but it certainly would not be prudent, m ram¬ 
parts composed of common earth, to make the revetments much 
weaker than the last named ratio, as we have not experience to 
guide us, and there might be a risk of failure.’*^ 

Having so far explained the general rules, which ought to be kept 
in view, in the construction of scarp revetments; we shall next 
proceed to treat of the rules, that apply to the counterscarp levet- 
nients of a fortress, and to the goi^e revetments of outworks. 

Draw a figure to reptesent part of the ditch of a fortress, with 
the covered way and glacis in front of it; introducing a counter¬ 
scarp revetment, but without any counterfort. Mark the top of 
the said revetment by the letters, e b: mark the bottom of it by 


• I made use of the expression “ common earth,’’ because there are 
some kinds of soil, on which a fortress may be built; .such as chalk, &c. 
which will of themselves stand nearly perpendicular^, and jet which it ia 
proper to revet. In such soils, revetments considerably weaker, even than 
the lost named ratio, might suffice, as far as the pressure alone is concemerl. 
For these cases, no precise rules can be given before hand, as they may 
admit of great variety; and therefore much must depend upon the jadg- 
g^eot of the Engineer employed. 
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the letters, d a; and draw a dotted line, a c, sloping upwards, in 
tlte proportion of 1 to 1, in order to mark the extent of Uie 
pressure of earth, acting against the back of the revetment. 



As the breadtli of tlie covered way of a fortress is aK^ays con¬ 
siderably greater than the height of the revetment; the dotted line, 
a c, must either temiinate in rear of the banquette, in the niannci 
represented in our present figure, or, at all events, it u ould only 
include a small portion of it. In counterscarp revetments, there¬ 
fore, generally speaking, the pressure of earth may be, in most 
cases, represented by the tiiangle, a be; at least it can never 
exceed that projwrtion, except in a very inconsideiable degree: 
and in the gorge revetments of works, it may always be represented 
by the said triangle. Although neither tlie covered w ay of a for¬ 
tress, nor the interior of any other work, arc ever made exactly 
horizontal; we shall, in the present part of our siibjeot, suppose 
them to be so, for the sake of clearness, as the difl'erence is usually 
very trifling, and therefore not worthy of notice, in the calculations, 
which are now about to be made. Under this supposition, by 
reason of the nature of the slope of the line, a c ; the leugth, b c, 
jwill be equal to a b, the height of the revetment. 

The Miperficial contents of the triangle, a b c, will in all cases, 
therefore, be equal to half the square of a b. Consequently, if 
we suppose our counterscarp revetment to be 20 feet high, the 
pressure of earth, acting* on the back of it, will be represented by 
200 Buperfleial feet. 

By analyring Vauban’t general profile, we before came to a 
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conclusion, that if the walls of a fortress, (counterforts included,) 
are to the pressure of earth, acting upon them, as 58*731 to 100, 
they will be sufficiently strong. To find the strength of masouiy, 
necessary to support tlie eaith, in our present profile, we must 
therefore say, as 100 superficial feet, arc to 58*731; so are 200 to 
117*402. Tlic last-mentioned number, thus found, indicates the 
superficial contents of the profile of a revetment 20 feet high, 
necessary for supporting the pressure of earth of a simple terre- 
plein without any parapets; such as acts upon counterscarp and 
gorge revetments. 

This point being determined, divide 117*462 by 20; and the 
quotient 5*8731, or 5 feet lOi inches nearly, shows the mean thick¬ 
ness of a wall, of the above height; which shall be equal to a 
proper counterscarp revetment and to its counterforts, also sup¬ 
posed to be of the same height, added together. 

Ill order to find the thickness, at top, of a sloping wall, con¬ 
taining the same quantity of materials, you must next deduct half 
tlie base of the given slope from the mean thickness. 

For example: if you suppose the wall to have a slope of one 
fifth, the base of this slope, in a revetment 20 feet high, is 4 feet. 
Deduct 2 feet, which is one half of the above base, from 5 feet 
10^ inches, the mean thickness; and the remainder S feet 10| 
inches will give you the thickness, at top, of a wall, having a slope 
of one fifth, and capable of supporting the pressure of earth of a 
simple terreplcin without any parapet.* 

Upon similar calculations has the following tabic been formed. 


• 5 feet 10| has been assumed in calculating the following table, althoiiah 
the real proportion falls a little short of that dimension. 
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Tlie pressure of earlli, in our last profile, is always represented 
by the right-angled triajigle, a b c ; and this triangle having its base 
and height equal,* in all cases, no matter how high or how low the 
profile may be; the said pressure is consequently represented, at 
all possible heights, by figures similar to each other. And for this 
reason, the thickness and height of the M'alls, calculated in our last 
table, are in all cases in the same proportion to each other. 

In walls of fortification, on the contrary, which are to support a 
parapet in addition to the tcrreplein; the figures, which represent 
the total pressure of earth, cannot possibly be similar to each other, 
at any t\^o different heights; because the parapet, which forms a 
part of the above pressure, remains of the same invariable dimen¬ 
sions nearly, in the highest as well as in the lowest profiles. For 
this reason, in scarp revetments, even although calculated on the 
justest principles, the mean thickness of masonry, and the height 
of the revetment, will never be in the same proportion to each 
otlier, at different heights. 

It was before observed, that the strength of masonry, in Vau- 
ban’s general profile, does not appear to be exactly proportioned to 
the pressure, in all cases : for this reason it was judged best to 
construct the last table, rather according to his practice than to his 
theory; and therefore the dimensions, laid down in diis table, 
which is calculated for walls without parapets, are, in high pro¬ 
files, stronger than those of Vauban’s general profile; although the 
latter has, in all cases, a greater pressure of earth to support. It 
is only in walls of 30 feet that they will be found nearly to 
agree, t 


• If the line, a c, had a different slope from what is supposed in the text, 
.the base and height of the triangle, although not equal, would be propor¬ 
tional, in all cases, so that the same result would still follow. 

t It was slated, that in many cases, in scarp revetments of 30 feet, the 
mwonry had been found strong eiiougli, when bearing to die pressure of 
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I shall here remarki that two advantages arise, in fortification, 
from the use of counterforts. In the first place, a wall built with 
counterforts has a greater base, and consequently more stability 
dian another wall, containing an equal mass of masonry, but having 
no counterforts; for, in the former case, the center of gravity 
of the whole mass of masonry is thrown a great deal more back, 
than in the latter case, and therefore it resists the pressure of earth, 
which tends to overset it, with a much longer lever. In tJiis view* 
of the subject, it will appear that of two different counterforts 
supposed to be of the same height, and also equal to each other 
in solid contents; that which is the longest will be the most 
advantageous. 

Secondly, it is more difficult to effect a practicable breach, by 
means of battering guns, in a fortress, whose revetments are backed 
by counterforts, than when there are none. 

In our last table, the dimensions of walls without counterforts 
only are given. But as this mode of building is not to be recom¬ 
mended, in works of fortification, I shall next stale tiie method of 
determining the dimensions of revetments and of their counterfoils, 
which, when added together, shall be equal to the above. The 
solution of this question depends upon such very obvious prin¬ 
ciples, that it may perhaps seem quite superfluous to offer any 
explanation of it. In conformity, however, with tlie general plan 
of this work, which has been to place every thing in the clearest 
and simplest point of view, I Judged it best not to omit it. 


earth a ratio of 50-312 to 100 only. If Table 111. had been calculated 
according to this last-mentioned ratio, then the mean thickness proper for 
a revetment of 10 feet bi^b, would have been about 2 feet inches only. 
and the mean thickness, at any other height,' would have been in the aamt 
proportion. In a revetment 30 feet high, for example, the mean thickness 
aught, according to this proportion, to be 7 feet inches. 
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I)raw a simple revet- 
kneot without any coun¬ 
terfort, in order to repre¬ 
sent the given wall: and 
mark the top and bottom 
of it, by the same letters, 
be, ad, used in your 
former figures. 

The front of our given revetment may be supposed to have a 
slope, but the nature of this slope, and indeed whether it has any 
slope or not, is of no importance in the following question. The 
only thing, necessary to be considered, is the thickness at top, b e, 
of the wall, which we shall suppose to be of any given dimension, 
such as 8 feet 6 inches, for instance. 

Let us next suppose, that after due consideration, we fix upon 
any dimension, rather smaller than the above, 6 feet fure.\ample, as 
the proper thickness at top for another proposed revetment, which 
is to be built with counterforts, in such a manner as to foi m, by 
means of the said counterforts included, a mass of masonry exactly 
equal to that of our given revetment. {See the next Jigure.) 

Upon the top of your given revetment, set off, from front to 
rear, a space, e f, equal to 6 feet; and draw the dotted liue, f h, 
parallel to the back of the said revetment. 

This being done, the space, h f e d, will represent the dimen- 
aions, which are to be given to your proposed revetment; whilst 
the remaining space, a b f h, the thickness of which is ^ feet 6 
inches {this being equal to the difference between 8 feet 6 inches 
and 6 feet)^ will represent that portion of the masonry of your 
original revetment, which is to be dirown into counterforts, in 
constructing your new profile. 

Draw a new section, having the parapet, terreplein, &c. of the 
aame dimeosioua as io your former figure; but let the revetment be 

TOL. II, L 
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smaller, making it exactly equal to the portion, h f e d, of your 
first revetment, and mark it in the same manner, but with capital 
letters, for the sake of distinction. 

The figure, H F £ D, thus drawn, will represent the revetment 
of your new profile proposed. It only remains to determine the 
size of the counterforts; and these, according to the supposition, 
are to be equad to the mass of masonry, contained in the portion, 
a b f h, of your first revetment. 

The line, b f, being 2 feet 6 inches, as was above stated, the 
lengdi of each of the proposed counterforts may be made any 
number of times greater tliau the above, that may be judged con- 
Tenient, as for instance four times greater. 

In rear of the revetment of your new profile, you will therefore 
draw a counterfort, making it of the same height as the revetment, 
and 10 feet long, which is four times the length of b f. And in 
order to show, that it corresponds with the portion, a b f h, of 
your original revetment, mark it in the same manner, but with 
capital letters. 



Tlien, as die section of the counterfort, A B F H, in your 
second figure, is four times greater than the section of the portion 
of revetment, a b f h, in your first figure; it will be evident, that 
whatever may be the width chosen for each counterfort of your 
new revetment, the distance from center to center of every two 
adjoining counterforts must be made exactly four times the above 
width; in order that the total mass of masonry, contained in the 
various coimteiforts of your new revetment, may be exactly equal 
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to that, wliich is contained in the continued portion, a b f fa, of 
your original given revetment. 

For example, if we suppose our counterforts to be each 5 feet 
wide, which is a good proportion, then the distance from center 
to center must be exactly 20 feet, or four times the above thick¬ 
ness; which will leave an interval of 15 feet in the clear, between 
every two adjoining counterforts. 

But if, instead of 10 feet, the counterforts had been made 7 feet 
6 indies long, which is only three times the length of the line, b f; 
and if we fuitlier suppose, that they had each been made 6 feet 
wide, instead of 5 : then their distance from center to center w'ould 
require to be 18 feet, this being three times the width of one of 
these new counterforts. 

It will be unnecessary to add any further examples, as it may 
easily be conceived, from what has already been said, tliat the 
dimeiisioits of counterforts, and the intervals between them, may 
admit of almost infinite variety, without making any difference in 
the quantity of masonry, used in the construction of them. 

It was stated, that, for a reason before assigned, which seems 
founded upon just grounds, it has been recommended, that the exte¬ 
rior slope of levetments should be greatly diiniuished; and that some 
writers have even gone so far as to propose, that it should be 
entirely done away. In urging the above deviation from the com¬ 
mon system, they do not however intend, that their profile should 
become rectangular, or perpendicular in rear. On the contraiy, 
they recommend, that this new kind of revetment shall be built of 
the same thickness, both at top and bottom nearly, as laid down ia 
Vauban's general profile; so that what the masonry loses in slope 
towards the front shall be tiansferred to the back of tlie wall. 
Tlie nature of this species of revetment shall next be taken into 
consideration. 

Draw two sections of gorge revetments of the same height, 

I. L 2 
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making the one rectangular; but let the other have a slope in rear: 
and let the Uiickness of the rectangular revetment be equal to the 
mean tfiickness of the sloping one, so tliat tlie quantity of masonry 
in both shall be equal. 

Marie the rectangular revetment, by the letters, abed: mark 
die sloping revetment by the capital letters, ABED, and in 
both figures, draw dotted lines, a f and A f, in the usual manner, in 
order to show the extent of the pressure of earth. From the back 
of the base of die sloping revetment, you will also draw a dotted 
vertical line meeting the surface in the point, b. 

Draw a third figure, similar to die second in every respect, 
exceptii^ that the back of the slope, A B, must be dotted: in 
front of which, but near it and touching it, draw any convenient 
number of steps, and let the breadth and height of each step, be in 
proportion to the base and height of the slope, A B. 

Lastly, from Uiose points, c, and C, in your tw'O first figures, 
which may represent the center of gravity of die masoniy, drop 
dotted perpendiculars, meeting the base of their respective revet¬ 
ments, in the points, h and H. 



In the first of the above figures, the pressure on the revet¬ 
ment is represented by the triangle, a b f: whereas in the second 
figure, it is represented by two triangles, namely, by the triangle, 
A b f, which is equal to the former, and an additional triangle, 
AbB. 

It is to be remarked, diat the slope in rear of the revetment, 
represented in our second figure, being of a contrary nature to that 
which b usually given to revetments in general, b called a coun- 
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TER slope; and for the fame reason, the said revetment is styled 
A COUNTERSLOPING REVETMENT, by way of distinction.* 

To return to the consideration of our figures, if we suppose the 
lines, a f, and A F, in each, to slope in the proportion of 1 to I, as 
we have usually hitherto done; then the line, b f, will be equal 
to the height, A b; and as, by supposition, b B, in our second 
figure, is equal to one fifth of the height, it will, of course, also be 
equal to one fifth of b f. ^JTherefore, in the two triangles, A b B, 
and A b f, the heigiit of both being equal, and their bases being in 
the proportion of 1 to 5 ; the area of the small triangle, A b B, 
will be exactly one fifth of the area of the larger triangle, A b f. 

Consequently, under the supposition, that the earth of our sec¬ 
tions will stand at a slope of 1 to i, the pressure of earth upon the 
•loping revetment, ABED, wHl be greater, by one fifth, than 
that which acts upon tlie rectangular revetment, abed, supposed 
to contain the same quantity of masonry: and if the slope of the 
revetment in the second figure had been greater or less than one 
fifth, the additional pressure of earth, acting upon it, would also 
have varied in die same proportion. 

But it is to be observed, that the additional triangle of earth, 
A b B, which acts upon the couuterslopiiig revetment, ABED, 
does not only press obliquely but also vertically upon the back of 
the wail, A B; whereas there is no vertical pressure whatevo* on 


* Whan any part of a work of fortification whatever is formed with a 
slope, contrary to the usual one, the same term “ counterslope’* is applied 
to it. Thus, for example, if the dip of a parapet were laid out towards the 
rear, so that the exterior crest of the parapet bersimc the highest part of the 
work; die top of the parapet woidd be said to be formed with a counter* 
slope; a method, which is sometimes followed in construoling mortar 
batteries. The soles of the embrasures of howitzer battmies are also fra- 
quantly constructed wjth a counterslope. Carnot, a French J^gineer (more 
known as a revolutionary leader), in his late treatise on the deftnea of for* 
Besses, reoommenda a oanntersloping glacis. 
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any part of the rectangular revetment. And as all vertical or 
perpendiculu' pressures must evidently add stability, whilst oblique 
or lateral pressures only can tend to overset; it follows, that the 
triangle, A b B, may by its vertical pressure tend fully as rniicb to 
strengthen, as it does by its oblique pressure to weaken, the 
counterslopiiig revetment, represented in our secoml figure. Cun> 
sequently, although the total quantity of loose earth, supported by 
the rectangular revetment, is certamiy considerably less than that 
which is supported by the counterslopiiig revetment, yet tiie actual 
force tending to overset the wall is by no means greater in our 
second profile than in the former : indeed it may most probably be 
somewhat less, for it is reasonable to suppose, that llic mass of 
earth, A b D, must, in consequence of the natural power of 
gravity, press with much greater force vertically downwards, than 
in an oblique or lateral direction. 

It was before stated, that in walls containing an equal quantity 
of masonry, such as those of our present figures, the actual 
strength of each, in opposition to the pressure of earth, will be 
more or less, in proportion as the great mass or weight of the 
masonry is thrown more or less to the rear. According to the rule, 
usually liiul dow n, the strength of Uie revetments, abed and 
ABED, will therefore be in the same ratio, as those portions, 
h d and II D, of the base of each, which are in front of the two 
points, li and H, where the said bases are intersected by vertical 
lines dropped from their respective centers of gravity, c and C. 

In the rectangular revetment, h d, will in all cases be equal to 
half tiie base or thickness. In the countersloping revetment, on 
liie contrary, the point, H, will vary its position, not only according 
to the slope, but also according to the height and thickness of the 
wall. We must therefore assume certain specific dimensions for 
our two revetments, before we can determine the relative propor¬ 
tion between the corresponding lines, h d, and H D. 

Let us suppose the height o( each revetment to be SO feet, and 
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the thickness of Uie rectangular revetment to be 8 feet. As the 
other is supposed to have the same mean thickness, with a slope in 
rear of one fifth; the thickness at top, B £, of the sloping revet¬ 
ment, will of course be 5 feet; and its thickness at bottom, A D, 
will be 11 feet. Then, whilst the distance, h d, in the rectangular 
revetment is equal to 4 feet, it will be found, by calculation, that 
the distance, H D, in the counterslopiiig revetment, will be equal 
to 4*1875 feet. 

Hence, on reducing the thing to calculation, it appears that the 
strength of the rectangular revetment, abed, is to that of tha 
Gountersloping revetment, A B E 1), as 4 feet to 4*1875 feet, or 
as 24 to 25 nearly : so that the latter may be considered stronger 
than the former, by at least one twenty-fourth part. 1 use the 
expression ** at least,*’ because from the peculiar mode, in which 
the earth rests upon the hack of the roiintersloping revetment, and 
which as before stated may be favourable to the stability of the 
masonry, it is probable that this profile exceeds the rectangular 
one, iu proportional strength, by some ratio greater than the 
above. 

We shall next compare tiie strengtli of our rectangular revetment, 
abed, with that of a coinnion sloping revetment af the same 
height and mean thickness. 'I'he latter may also be represented by 
the trapezoid, A B K 1), in our second figure, with this diflerence 
onlj, that the earth shall now be supposed to press against the per¬ 
pendicular side of the wall, U E, instead of the sloping side, A B, 
and consequently whilst the strengtli of masonry of the profile, 
ABED, when supposed to be used as a counterslopiiig revet¬ 
ment, was in proportion to the line, H D, its strength, if converted 
into a sloping revetment, will of course be in proportion to the line, 
A H, which win be found by calculation to be equal to 6*8125 
feet. 

The strength of the rectangular revetment, abed, which is sup¬ 
posed to be SO feet high and 8 feet thick, is therefore to that of a 
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sloping revetment, A B £ D, of the same height and mean thick* 
ne^ as h d to A H, or as 4 feet to 6*8125 feet, or as 24 to 41 
nearly ; that is to say, a rectangular wall of the above description 
is weaker by almost one half, than a sloping wall of equal height 
and containing an equal quantity of masonry : and it was before 
shown, that it is also inferior in strength to a countersloping wall, 
under the same supposition. 

Those writers, who rt commend the use of countersloping revet¬ 
ments, are of opinion, that instead of laying out the back, A B, in 
one continued slope, according to a nght line, as in the second 
figure, it ought to be built with a certain number of steps or 
offsets, in the manner represented in the third figure. This form, 
they conceive, will greatly increase the power of resistance of the 
masonry, because they allege that, as the mass of earth, compre¬ 
hended betw'een the lines, A b, and b B, and the steps which com¬ 
pose tlie back of the wall, presses perpendicularly downwards upon 
the tread ot the said steps, it wdl be impossible for the revetment 
to be thrown over upon the pivot, D, without forcing upwards 
the whole of the above weight. It appears to me, how'ever, that 
this sup|)osition is in some degree fallacious, for if the particles of 
eaith are loose, they may be separated from each other by any 
adequate force; and theiefore it may perhaps more reasonably be 
concluded, that ui performing the supposed movement of falling 
forwards, instead of having to raise any veiy great part of the mass 
of earth in rear, the revetment shown in our third figure, would 
only have to tear away Irom ti e remainder of the said mass a 
certain iiiconi^ide aule portion of it, not much exceeding the sum 
of diose small triangles, which he between the steps and the dotted 
line, A B. Whether this would add to die stability of the masonry, 
so as to render our third profile in any great degree stronger than 
the second one, may be considered doubtful; but it is to be 
remarked, that in all cases the formation of the back of a coimter*? 
sloping revetment with steps would be much more convenient to tht 
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workmen employed in building it; 80 that this construcdon should 
invariably be adopted in practice, in preference to a continued 
ilope.* 

We shall next take into consideration, the strength of profile 
necessary for demirevetments, or partial revetments. 

Draw three figures, to represent demirevetments, giving to one 
of tlieni a broad berm, to the second a narrower berm, but make 
the third w ithout a berm ; and let the height of the demirevetment, 
and the dimensions of the rampart and parapet, be the same in all; 
and dot the base of each parapet. 

In rear of each demirevetment, draw also an oblique dotted line, 
in the usual manner, to represent the extent of tlie pressure of 
earth ; and in the first figure, which has the broadest berm, let the 
above line produced agree with the front of the earthen part of the 
scarp. 

Mark the triangle, comprehended between the back of the 
demirevetment, the oblique dotted line, and the level of the berm, 
in each figure, by the letters, a b c, in the usual manner. 

In the second figure, murk the exterior slope of the parapet by 
the letters, i f, placing the former at top.; and mark the poin^ 
where the oblique dotted line intersects the base, and top of the 
parapet, by the letters, e and h. 


* In the text, I have only staled and commented upon that argument, in 
favour of offsets or steps in rear, which ) have seen used by those Authors, 
who recommend coniilerslopiug revetments. There is hotvever another 
reason, that might be urged lu behalf of this roustructiuii. Jty the princi¬ 
ples of mechanics, any power which presses or strikes upon a body, acts 
with the greatest possible effect, when it meets a perpctnticolar surface. 
Consequently the vertical pressure of the inash of earih, A bB, in our third 
figure, by acting perpendicularly upon the tread of tiie steps, may be sup¬ 
posed to exert a much greater power of strouglheuiug the revetment, than 
if it acted upon an oblique sur&ce, such as the line, A B, in the second 
figure. 
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In the thini figure, mark the upper extremity of the oblique 
dotted line, hf the letter, e. 



By compano^ these figures, it vrill appear, Uiat in Uie first, by 
reason of the great berm, the total pressure of eartli, acting upon 
the demirevetment, is represented by the triangle, a b c; so that 
according to this construction, neither the parapet, nor those parts 
of the rampart, which are above the level of the berm, do, in any 
degree, press upon the masonry, lliis advantage, however, could 
not be fully gained, in foj tresses founded in corninoii earth, witliout 
making the berm of a \ery inconvenient breadth ; for example, if 
a b is supposed to be 20 feet high, the berm w ouid require to bo 
rather wider tlian the above proportion; and, even iu the most 
tenacious kinds of soil, it could not be made miicii less than 12 
feet, consistently w ith the above object. 

In the second figntc, in addition to the triangle, a b c, tlicre is 
also a pressure upon the demirevetment, resulting from the weight 
of a part of the ranipait, c e f d; as also from a portion of Uie 
parapet, e h i f. Consequently, the pressure of earth, in this 
profile, is greater, than in the funner, by reason that tlic berm is 
narrower. 

In the thiid figiue, in which there is no berm, it will appear, 
that the pressure is by far the greatest of all; for, in addition to 
4he triangle, a b c, there is the whole of the parapet, and a portion 
of rampart, c c f d, much greater than that, which is marked by 
the same letters, in our second figure.* 

* in profiles, constructed according to tbe third figure, it nrast, 
however, be remarked, that llie dotted line, a e, will not always compre> 
hend the whole of the parapet, if the height, a b, of the dernircvctmeiit is 
less than about 20 feet 




DEMIREVETMENTS. 


543 


So much having been said to give a general notion of the piin^ 
ciples, according to which tliis part of our subject may be con¬ 
sidered, I shall now state the rule, laid down by Vauban, for 
partial or dcinirevetnieiits. 

lie made, in all cases, the dimensions of the base of his demi- 
revetments, and of their counterfoils, equal to those of a full 
re^etmeMt, cuiculuted for a profile of the same relief or total 
height of scarp; besides uliicli, in partial or demirevetments, he 
reduced the intervals between his counterforts to 13 feet, measuring 
from center to center, whilst in his full revetments, he always made 
tin 'SC intervals equal to 18 feel, excepting under peculiarly unfa¬ 
vourable circumstances. 

Eor example, if we suppose, that there are two profiles, each 40 
feet high, exclusive of the parapet, and that the scarp of the former 
is fully reveled; but that, in the latter, one half only of the scarp 
is reveled : then, by referring to Vauban’s general profile, as con¬ 
tained ill the first table, it appears, that the thickness at top of the 
full revetment, proper for that height, is 5 feet 4 inches; the 
thickness at bottom being 13 feet 4 inches. And the dimensions 
of the counterfort, given for that height, in the same table, are 10 
feet lung, 6 feet wide at the root, and 4 feet wide at the tail. 
Tills being ascertained, it follows, therefore, in conformity witli the 
rule, which has just been stated, that the demirevetment of 20 feet 
in height, under the circumstances above supposed, ought to be 
made 13 feet 4 inches thick at bottom, in consequence of which, 
its thickness at top, the slope being one fifth, will of course be 
9 feet 4 inches; and it must be backed by counterforts of the 
above-named dimensions. 

Hence it appears, that Vauban’s demirevetments, or partial 
revetments, form an exact section of the lower part of one of hit 
full revetments, in profiles of the same relief. 

Draw, for example, the profile of a demirevetment, abed, 
{laving a slope of one fifth, over which, the upper part of the scarp, 
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eiclusive of the parapet, is represented by b h; make the berm 
equal to the thickness at top of the masonry; and let the dotted 
oblique line, a c, mark the extent of the pressure of earth, in the 
usual manner. 

This being done, produce, upwards, the back and front of the 
demirevetment, as far 
as the points, f and g, 
where they meet the 
level of the base of 
the parapet, also pro¬ 
duced ; and dot the 
whole of your pro¬ 
duced lines. 

Then, if we suppose the total height of scarp of our profile to 
be 40 feet, exclusive of the parapet, and that the demirc^etment, 
a b, is 20 feet high: the figure, a f g d, will represent a full 
revetment calculated for a profile of the same total relief, as tliat 
of our present section. The thickness at bottom, a d, both in the 
lull revetment and demirevetment, will be 1S feet 4 inches; but 
whilst the tluckness at top, f g, of the former, is 5 feet 4 inches, 
die thickness at top, b e, of the latter, will, by reason of the 
slope, be increased to 9 feet 4 inches. And the demirevetment 
will evidently, as before stated, form an exact section of the lower 
half of the full revetment. In like manner, the counterfort of the 
demirevetment, abed, if introduced, ought to form an exact 
section of the lower half of the counterfort of the full revetment, 
.fgd.t 



4 In this muiner were regulated the dimensions of the partial revetments 
and of their codbterforts, given in Plate 2d, which are made to agree with 
Vanban’s rule, as stated in the text, but with this difference, that a small 
addition has been made to their thickness, on account of the difference of 
elope, which is there reduced to one sixth. 
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According to the principle, before assumed, the pressure of 
earth on the deinirevetmeiit, is represented by tlie figure, a b h c, 
added to the parapet; whilst the pressure on Uie full revetment is 
represented by the triangle, a f c, added to the parapet. 

Using the above stated dimensions, and calculating in the manner 
followed in constructing the second table, it will be found, that 
whilst the masonry in the full revetment is to the pressure as 52*23 
to 100,* the masonry in the demirevetment will be to the pressure 
acting upon it, as 40*85 to 100 nearly, the counterforts in both 
cases being of course included, and those of the fullTevetment 
being supposed to be built at intervals of 18 feet, whilst the others 
are supposed to be placed at intervals of 15 feet apart, from center 
to center. 

The authors, who have written upon V^uuban’s general profile, 
have made a great omission, in neglecting to say, whether he 
considered a berm of a certain breadth, as an essential accessary to 
the strength of his partial revetments; nor does there appear to be 
sufficient information to enable us to form a decided opinion, as to 
his probable intentions on this head. It may, however, be observed, 
that unless a respectable berm is introduced in such cases, the rule 
laid down by Vauban, as above stated, does not seem by any 
means calculated to yield a sufficient strength of masonry, in pro¬ 
portion to the pressure of eailh, which may be supposed to act 
upon partial or demi-revetments. 

To exemplify this remark, construct a figure similar to your last, 
in every other respect, but without any berm; marking it w'itli the 
same letters in all the corresponding points, and adding the letter. 


* This proportion differs from that given in the second table, for a fult 
revetment 40 feet high, because, in our present profile, the small exterior 
revetment of the parapet is suppressed; and tbe interval between the 
counterforts is supposed to be 18 feet, instead of the mean interval of ICf 
%t, which was assumed in constructiug that (abje. 
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i, to denote the point, where the earthen scarp is intersected bv 
the back of the deniire- 
vetment, produced up¬ 
wards. 

Add also a counter- 
f(Hl, a b k 1, to your 
demirevetmeiit. 

It will then appear, that the pressure of earth, acting upon the 
full revetment, will be as the triangle, a f c, added to the parapet, 
whilst die pressure upon the demirevetment will be as the irregular 
figure, a b e h c, added to the parapet. But whether as examined 
by the eye, or as more accurately ascertained by calculation, it will 
be found, that in most cases, which are likely to occui in practice, 
die area of the figure, a b e h c, will be so very nearly equal to 
that of the triangle, a f c, that the pressure upon the two revet¬ 
ments may be assumed, as being very nearly equal. 

If, however, instead of estimating the pressure on tlie demi- 
revetment, abed, by the figure, a b e h c, the portion, b i e, 
of the said figure is deducted, because this portion may be sup¬ 
posed, by resting perpendicularly on the top of the demirevetment, 
to tend rather to give stability to it, than othenvise ; still there will 
remain the figure, a i h c, which is not, in any considerable 
degree, smaller than the triangle, a f c, that acts upon the full 
revetment. It would therefore appear, even under this last view 
of the subject, by no means prudent, to make the strength or the 
demirevetment much less than that of the full revetment; and this 
object evidently cannot be obtained by the above rule of Vaubati: 
for if the pressure on both were allowed t(» be equal, it will be 
found by calculation, that the demirevetment ought to be no ic'ss 
than 13 feet 10 inches thick at top, and 17 feet 10 inches thick at 
bottom * (exclusive of counterforts), in order to give it the required 

* These dimensions are found, by means of tbc formula, afterwards given, 
as the solution of question 6tb, of the note to page 533. 
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fttreiigtli; a profile, which in quantity of masonry would exceed 
one of Vauban’s profiles of the same description and height, bjr 
almost otic half, the latter being only 9 feet 4 inches thick at top, 
and 15 feet 4 inches thick at bottom, as was before stated. 

With respect to the counterfort of a demirevetment, constructed 
according to our last figure, the weight of earth resting perpendicu¬ 
larly upon it, which would be represented by a trapezoid or iiregular 
figure, whereof kb is the base, may be considered to add greatly 
to its stability, and to give it a power of strengthenbg the demi- 
revetment, much greater than its actual mass of masonry could do, 
if it were not thus loaded. 

Upon the whole, it may be concluded, that as far as regards full 
revetments, or scarp revetments carried up nearly to tlie level of 
the base of the parapet, Vauban’s rules, or those which may be 
drawn from his practice, may be followed with perfect safetyj* 


• There is one rule, laid down by Vauban, in respect to scarp revet¬ 
ments, which 1 have omitted in the text, it being entirely inapplicable to 
any well regulated profile. He recommends, in works, having cavaliers 
construelcd in rear of them, whenever the distance between the foot of tb« 
cavalier and the parapet of the exterior work is less than 18 or SO feet, that 
the thickness of the scarp revetment of the latter shall be increased beyond 
the usual proportion, by one tenth part of the total command of the cava¬ 
lier; and that the counterforts shall also be increased in strength, by making 
them of the dimensions proper for those of a full revetment, equal in height 
to the given scarp revetment, added to one half of the command of the 
cavalier. 

Thus, for example, if we suppose any work to have a full scarp revet¬ 
ment 35 feet high, with a cavalier in rear of it, having a command of 20 
feet over the work itself: then to 5 feet 4 inches, the usual thickness of 
Yauban’s revetments at top, add 8 feet (which is one tenth part of 20, the 
command of the cavalier), and the sum, 7 feet 4 inches, will show the proper 
thickness at top for the scarp revetment. With respect to the required 
counterfort of the supposed work; to 25 feet, the height of the scarp revet¬ 
ment, add 10 feet, which is one half of the given command of the cavalier, 
and the sum will be 35 feet. Then by referring to Yauban’s general pro- 
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■nd the same remark may be made with respect to gorge or couih 
teracarp revehlients; in which, by an application of similar piin- 
ciples, there'can be no risk of failure. 

Hie only thing, that appears doubtful, is the last branch of 
dut subject, which we have considered, namely the proper thick¬ 
ness for demirevetments or partial revetments, in profiles of a 
respectable fdirf. The rules laid down by Vauban on this head 
have not been aufficieiitly supported by experience, to enable us to 
adopt them without hesitation, for we have very few instances of 
diis kind of profile having yet been used. And in cases, where 
we have authentic descriptions of the dimensions of partial revet* 
ments, diat have actually been executed, there has not only always 
been a broad berm, which of course makes a difference in the 
pressure, but the heights both of the revetment and of the earthen 


file, you will find, that coanterforts 9 feet long, 5 feet 6 inches wide at the 
root, and 3 feet 8 inches wide at the tail, are proper for the above height; 
and such are the dimensions, according to that Engineer, which ought to be 
given to the coanterforts of the supposed scarp revetment (although only 
S3 feet higb)^ on account of its having a cavalier of SO feet total command in 
rear of it 

To explain my objections to the above rule of Vauban, I shall remark, 
that in a welWegulated profile, a free space of at least 30 feet should always 
be left between the base of the parapet of any work having a cavalier in 
rear of it, and the foot of the cavalier; otherwise the terrepleins of the 
w<^ will be too narrow for the service of artillery. But at the above dis¬ 
tance, supposing the work in question to luivc a parapet of the proper thick¬ 
ness, there must necessarfly be an iutcrral of at least S3 feet, between the 
loot of the cavalier and the back of the scarp revetment of the work in 
finnt of it, at which interval, it will be evident, that the mast of the former 
work will be too &r removed, to add to the pressure of earth tending to 
overset the latter, even if the said revetment should be of a very respectable 
hei^ If the cavalier itself is also reveted, it should be removed still 
fbrtlier to die rear, than we have just supposed, for reasons stated in 
Chiqiter xvii, page 343: so that upon the whole, there can scarcely be any 
case, in which the thickness of the scarp revetment of a woik ought to be 
increased, cm account of its having a cavalier in rear of it 
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scarp above it, have usually been so insignificant, as not to afford, 
upon the whole, sufficient data, for judging with confidence, upon 
the strength of bolder profiles of the same description.* 


* In Belidor's ** Science des Jngenieurs,^ Book Sixths in which he gives 
the rules laid down for the construction of New Brisach, it is directed, that 
the ravelins shall have a scarp revetment of 17 feet in height, aff» which a 
berm is to be left, 10 feet broad; and tiien an earthen scarp is to be raised 
8 feet 6 inches high, exclusive of the parapet The revetment is to be 5 feet 
4 inches thick, at the height of 14 feet from the ground, with a slope of one 
sixth from thence downwards. The remaining part of the revetment, near 
the top, is to be built perpendicularly, 2 feet 8 inches thick, and 3 feet high. 
The counterforts to be 8 feet long, 5 feet wide at the root, and 3 feet wide 
at the tail. Belidor states, that the roles, given by him in that book, as an 
exemplihcation of the system, according to which the details of the con* 
stmetion of an entirely new fortress may be regulated, are not, in all cases, 
an exact copy of those, which were actually nsed on that occasion, but that 
he has generally followed the same dimensions. If this is supposed to 
hold good in respect to the ravelins, which have been described, it would 
appear that, with the exception of the counterforts, the rest of the masonry 
of the profile is not increased in proportion to the height of eartlien scarp 
above it: on the contrary, the strength of the scarp revetment is less than 
what ought to have been given to a full revetment, 17 feet high. If so, it 
would seem, that when a good berm was left, Vauban, by whom the above 
fortress was constructed, did not think it necessary to increase the thick¬ 
ness of partial or demirevetments; but as this is only one solitary case, his 
intentions cannot from thence be fmrly estimated. • 

In Portsaa Works, there is a berm of about 10 feet wide all round, 
the height of the earthen part of the scarp above that level (not including 
the parapet) being generally about 8 feet. The partial revetments are in 
some parts 8 feet thick at the top, with a slope of one sixth. Their height 
varies much, according to the nature of the soil, being in some parts no less 
than 38 feet, but a very great portion of the masonry is cvery-where buried 
below the level of the ditch, it having been judged necessary, by the engi¬ 
neer, who had charge of the work, to go down, until a peculiar stratum of 
clay, that be considered good for the foundations, was found. In soma 
parts, the thickness at top of the partial revetment is only 6 feet, but the 
average thickness in most places is 7 feet 6 inches. The counterforts are 
8 feet long, 6 feet 8 inches wide at the root, and 5 feet wide at the tail; 
and are placed at central Intervals of 18 feet apart. 

VOL. u. 
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now tufficiently enlarged upon the general profile of 
Viuban, wbidi it was of importance to illustrate, as it has hitherto 
been almost Implicitly followed by every succeeding engineer, I 
shall next proceed to explain another form, that may be given to 
the profile of retaining walls, and which is peculiarly applicable to 
military works, bi^ has not yet, to my knowledge, been used in the 
scarp or counterscarp revetments of any fortress, although, upon 
due consideratioii, it may perhaps appear preferable to the 
former. 

Hie method, now alluded to, consists in constructing the wall in 
tudi a manner, that whilst the front of it has a certain exterior 
slope like a common revetment, the rear of it shall not be built 
perpendicularly, in the usual manner, but shall also have a slope, 
parallel and equal to the former, or nearly so. When tliis profile 
is used, the back of the masonry overhangs or projects beyond the 
base of it, and appears as it were to lean against the mass of earth, 
that it is intended to retain; from which circumstance, revetments, 
so constructed, are called leaking revetments. 

The overhanging slope of a leaning revetment diould never be so 
considerable, that if the counterforts and earth were removed, the 
wall would have any tendency to fall backwards. It may, how¬ 
ever, without any tnconveniency be made to differ in a small 
degree ffom the exterior or front slope; but generally speaking, it 
will be best to make these two slopes equal to each other, in which 
case the sectiou of the masonry will be an oblique angled parallelo¬ 
gram ; and this form, as being the most convenient for calculation, 
will be the only one noticed, in the succeeding parts of this 
chapter. 

To exemplify the nature and strength of leaning revetments, as 
compared with others, draw three profiles of counterscarp revet¬ 
ments, of the same height but of different kinds, making the first 
rectangular, the second a common sloping revetment, and the third 
a parallelogrammatic leaning revetment; and let the mean thickness 
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of the flloping revetment, the thickness of the rectangulajr revet¬ 
ment, and the horizontal thickness of the leaning revetment, be 
equal to each other. From the back, a, of the base of each revet¬ 
ment, draw an oblique dotted line, sloping upwards and towards 
the rear, in the proportion of 1 to 1: from the center of gravity, c, 
of each profile, drop a dotted perpendicular to the base; from the 
back of the base of your leaning revetment, raise a dotted vertical 
line, a b, and letter the other points of your figures as follows. 



Let us suppose, as before, the height of all your revetments to be 
30 feet, and that the base and top of the first and third revetments are 
each 8 feet, which is equal to the mean thickness of the second revet* 
ment; and let us further suppose that the slopes of the second and 
third revetments are equal to one fifth of their height. Then the 
thickness at top, g b, of the second revetment, wUl be equal to 
5 feet; its base, h a, will be 11 feet; and, b 1, in the third profile, 
will be equal to 6 feet, which is one fifth of the supposed 
height. 

Now, as the quantity of masoni 7 in each revetment is equal, 
their strength, as opposed to a pressure of eartii in rear of them, 
will be in proportion to their respective levers, em, hn, and, i o; 
but on account of the first profile being rectangular, e m, will be 
equal to 4 feet, which is half the base, and by calculation, h n, 
will be found to be equal to 6'8125 feet, as in our former 
example, whilst i o will be equal to 7 feet If we supposed the 
force of earth pressing upon each revetment to be equal, their 
comparative strengths would therefore be as. the numbdlfs 4, 
6*8125, and 7; or on reducing tiiese terms lower, as the num> 

M M 2 
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ben 1, 1*70S1£5, and 1*75: by which it would appear, that the 
leaning repetnarat is stronger by three fourths than the rectai^lar 
revetment, and that it is stronger by about one thirty-sixth part, than 
the common sloping revetment, they being all of the same height, 
and containing the same quantity of masonry.* 


* Tbe foUoiriBg algebraical ftsrmiilar will be useful, in calculating the 
strength of ttasoory of various revetments, according to tbe hvpotliesis, 
stated in die text; it being undentocMl, however, that the pressure of 
earth is not teken into consideration. When that is done, as is absolutely 
necessary, before the true comparative strength of any two profiles of for- 
tificatioD can be ascertained, a certain modification of the results, obtained 
by our present formula, must necessarily take place, as shall hereafter be 
explained; and consequently, these results are not conclusi% e, but each of 
them u merely to be considered as a step, towards the solution of a more 
complex and difficult question. 

Question I. Given the dimensions of any revetment, to find tbe length 
of lever, x, with whiefa it opposes the pressore of earth; as also the stabi¬ 
lity of ma8onr>. 

Cau 1st. When the revetment is supposed to be rectangular, like that 
represented in our first figure, its height (a b) being equal to a, and its thick¬ 
ness (f b or e a) being equal to b. 


Solution. xrz^rremmUie figure: and the stability of tbe re- 
YOtment, which U as the area of a b f e, multiplied into e m, will be 
“ ub •— “ 


Csss Sd. When the revetment is of die common sloping form, repre- 
aented m onr second figure, its height (a b) being equal to a; its thickness 

at top (g b) equal to 6, and its slope being in the propmlion of ^ part of 
thebeight 

Solution, x = r; 4 n inthe figure, and the stabilitj of 

Sa-hd&c 3c 

the maamiry, whiefc ia as tbe area of a b gh X h n, will be rr 4- ^ 


tUb^Sl^ , U \ 2ii»+6S»Ar-|-S«Mc* «• .«**.«*• 

^ llJ+ohT sT/--6?“”- 

Cmt Sd. When the revotment is a leaning parmilolograramatic one, as 
represented in tbe third figure, its perpendicular height (a b) being equal 
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But when the comparative pressure of earth is also taken into 
consideration, it will appear, thi^ the quantity of earth which 
presses upon the back of the leaning revetment must necessarily 


to a, its borizoutal thickness (k 1 or i a) being equal to and its slopes 

being in the proportion of part of the height. 

c 

iioLCTioN. z zz = i o, in the figure ; and the stability of die mai- 
3e 

sonry, which is as the area of a 1 k i x i o, will be zi a ft x 

3c 

_a®ft , flft* 

5c “ Tr T” 

Cate 4th. When the revetment is a eountersloping one, as represented 
in the second figure of page 516, its height (O £) being equal to a; its 
thickness at tup, (U £) equal to ft, and its counterslope being in the pro¬ 
portion of part of the height. 

C 

Solution, z := - r - + —• ::r H D in the figure, and the stability 

3A*^6ftc 3c 

of the masonry, which is as the area of A B E D x H D, will be 

(— 4- X _i. __ gNl-?<i^ftc-i-3aft»c» _ £. r 

Vac * e V3a-l-6ftc 8c' . 6c* 2c s’ 

Question II. Given the height, a, and thickness, ft, of a rectangular 
revetment; to find the thickness, z, of a second rectangular revetment, of 
a given height, d, and equal to the former in strength. 

S0l«T.0N, * = y (4] = ‘V (t)- 

Question UI. Given the height, a, and thickness, ft, of a rectangular 
revetment; to find tibe thickness at top, z, of a sloping revetment of a given 

height, d, and having a slope of 1., and equal to the former in strength. 


Solution. 


=y(^ 


d» _ d 

3c* c 


Question IV. Given tho height, a, and thickness, ft, of a rectangular 
revetment; to find the thickness at top, z, of a leaning revetment, of a giwn 

height, d, and having a slope of -L. and equid to the former in strengtli. 
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be soBiewliit !>■% dian dwt which acts upon either of the two 
other profikt; aiid therefore the above ratio must be modihed, in a 
ceitam degree in order to obtain the true proportions. 


"Sotvnow. X zz f - 

^ \ d f u* 2c 

Question T. Given the height, a, the thickness at top, and the 

slope, of a doping revetment; to find the thickness, x, of a rectangular 
€ 

revetment, a pven height, d, and equal to the former in strength. 
SoLimoi,. ,=:y ^ (f+l^ +|f). 

Question VI. Given the height, a, the thickness at top, b, and the 

slope, of a sloping revetment; to find x, the thickness at top of a 
c 

second sloping revetment, of a given height, d, and having a slope of 
and eqnal to the former in strength. 


Solution, x zz / ^ (4*4- -f 

^ d V c 3e* t 3c* c 

Question Til. Given the height, a, the thickness at top, b, and the 
slope, of a doping revetment, to find the diickness, x, of a leaning 

revetment, of a given height, d, and having slopes of —, and equal to the 
former in strength. 

c /«/».. 2a4 , Sb*\ , d* d 

Solution, x zz / — (A*+ •—+ *—1 + *— — z-‘ 

^ d ' c 3c* * 4c* 8e 

jr ’ 

Question YUL Given the height, a, the thickness, fi, and the dopes, 

—, of a teaning rcietment; to find the thickness, x, of a rectangular 
c 

revetment, ot a given height, d, and eqnd to the former in strength. 
SolVtion. X = ^ ^ 

^ Question IX. Given the height, a, the tiuckness, fi, and the sk^s, 
!•, of a leaning revetment; to find the thickness at top, x, of a sluing 


Ik 
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To explain this observation, let us suppose, according to the 
hypothesis used in our former calculations; that the compundve 
pressure of earth upon the back of the revetment, in each of our 


1 

revetment of a given height, d, and having a slope of —, and equal to the 
former in strength. 

Solution, z — / — (4»+ — ) + ~ 

Question X. Given the height, a, the thickness, 6, and the slopes, 

c 

of a leaning re\etment, to find the thickness, x, of a second leaning revet¬ 
ment, of a given height, V, and having slopes of JL , and equal to the former 
in strength. 

Solution, s = / 4 (^*+ ~ . 

Question XI. Given the dimensions of a revetment of a given 
description, that is to say, either rectangular, sloping, or leaning; to find 
the thickness at top of a second revetment, also of a given description and 
he^ht, and of a given slope, if sloping or leaning; and which shall be 

stronger or weaker than the former by -^th part. 

ft 

General rule for the solution. From amongst die foregoing qnestimu^' 
select that, whose conditions agree most nearly with those of your praMNll> 
case; and multiply that part of the solution of the said question, which is 

within the vinculum under the radical sign, by if you desire your 

prcqiosed revetment to be stronger dian your given one, but multiply 

by >, if you desire it to be weaker; leaving all the other terms of the 

solution unaltered. This will give yon the answer to your new question. 
For example: supposing that the height, a, the thickness at top, 

and the slope, of a sloping revetment are given, and that it is required 
c 

to find the thickness, x, of a leaning revetment, of a given heif^t, df, 
and having slopes of and which shall be stronger than the former 
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profitoii it as the triangles, a b d, a b d, and aid, boanded 
■tn rear by ibe obbque dotted lines, sloiring in the propcurtion of jl 
to ]. Hiea die lines, marked, bd, and ab, will be equal in all 
our ^nre^ and from the nature of the overhanging slope in the 
fliird profile, b 1, beii^ equal to one fifth part of b d; the line, 1 d, 
will be equal to four fifths of b d. Now on comparii^ Uie triangle, 
a 1 d, with the triangles marked, a b d, as their altitudes are equal, 
the area of the former will be in proportion to the line, 1 d, whilst 
the area of each of the others will be in proportion to the line, b d. 
The area of the triangle, aid, which represents the pressure of 
earth upon leaning revetment, will therefore be equal to four 
fifths only of the triangle, abd, which represents the pressure, 
acting upon the two other revetments, shown in our first and second 
figures; or in other words, the pressure of earth, acting upon tlie 
rectangular and upon the common sloping revetment, is greater by 
one fourth part, than that which acts upon the parallelograminutic 
leanii^ revetment. 

The dimensions of a counterscarp revetment, so nicely pro])or- 
fioned as to be exactly in equilibrium with the pressure of earth 
actinf<aipon it, have not yet, to my knowledge, been ascertained by 
experiment; and therefore the value of the additional strength, 
which (Hir leaning revetment must possess, as compared with the 
odiers, by reason of the diminution of pressure, occasioned by its 


by •^tfa part: theiif on reforriog to the foregoing questions, it will be 

found ^ above conditions agree most nearly with those of Qaesfi<» 

VII, the solution of which is) 

and consequently on multiplying that part of the said solution, which is 

1 

witUn the vinculmn, by , as directed,' there will result for the answer of 

n 



your present question, s 




d 
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overhanging slope, cannot be reduced to any preciae fltio; as 
might be done, if the supposed experiment were carried on, in 
a satisfactory manner. For example if we imagine, that it had 
been practically, ascertained, that a rectangular revetmcpt, of the 
dimensions represented in our first figure, were in exact equilibrium 
with the supposed pressure of earth acting upon i^ then as the 
said pressure has just been shown to be greater by one fourth, than 
that which acts upon the leaning revetment of our durd figure, it 
would therefore follow, that to the number 1*75, before found, 
which represented tlie actual strength of masonry of our third 
profile, oue fourth of itself should be added; and the sum 2*1875, 
would then show the comparative strength of that profile, as a 
retaining \Nall, under the circumstances supposed; whilst the com¬ 
parative strength of the rectangular revetment, and that of the com¬ 
mon sloping revetment, would still remain as the numbers 1, and 
1703125.* 

Upon the whole, therefore, it may appear, that there are sufficient 
grouiuls for concluding, that a leaning revetment must be stronger, 
in a certain degree, than any of the other profiles of revetments, 
which have been described; but whether it exceeds them in 
strength, in the proportions, which we have just found by calcu¬ 
lation, according to a certain stated hypothesis, must remain 
doubtful, until the matter is put to the test of actual experiment. 


* On considering (be mode, in which we have just calculated the compa¬ 
rative strength of our three profiles, it will appear evident, that if the s<hI, 
which was to be retained, bad been either of a more or less tenacious 
quality, than what wc have above supposed; then the superiority, in point ^ 
of comparative strength, which the loaning revetment, represented in our • 
third figure, must, in all cases, possess over the others, would have been 
increased or diminished, to a certain degree, so as to differ more or Ims 
frpm the ratios, which were found by our former supiKisitiop. 
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CHAP. XXV. 

THE SAME SUBJECT CONTINUED. — OBSERVATIONS ON 
• THE UNSATISFACTORY AND ERRONEOUS NATURE OF 
THE COMMON THEORIES OF REVETMENTS. — NEW 
PRINCIPLES LAID DOWN.—ACCOUNl’ OF EXPERIMENTS 
TRIED FOR THE PURPOSE OF ASCERTAINING I’HE 
ACTION OP LOOSE EARTH UPON REVETMENTS.—GENE¬ 
RAL RULES DEDUCED FROM THE ABOVE. 

The infestigation of the dimensions proper for revetments of 
various descriptions, which has been partly treated of in the fore- 
gem^ chapter, is one of the most important objects, that can 
engage the attention of the practical Engineer; for if the masonry 
of any revetment should prove defective, the whole of the expense, 
laid out in the construction of the work, will be tliroum away; and, 
on die other hand, even an excess of strength is to be reprobated, 
as leading to an useless waste of masonry and materials. And in 
those cases, in which revetments, properly so styled, arc used; as 
for example, in the scarps and couuterscaips of fortified places, 
and in the facing of docks, wharfe, &c. die reveted works, whether 
ovil or military, are always of great public importance, and are 
attended with a vast expense, even if planned according to the 
wisest principles; so that a defect in the profile of a revetment 
most generally prove far more ruinous, than any common error, 
which is likely to occur in other branches of {Hmctical mechanics. 

-Notwithstanding these weighty cmisiderations, there is, however, 
no branch of useful study, wbicii! Ippears to me to have been 
handled in so very unsafisfactoryn manner, as that of which we are 
now treatii^,', It is true, that a great number of writers have 
attempted to illastrate the theory of revetments by mathematical 
calculations, but diey have all neglected to establish their principles 
jnevious experiments. The rules, given by them, must therefore 
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be looked upon as mere speculations, on which no re6ance could 
be placed in practice; for the various points to be considered are 
certainly of by far too abstruse a natui e, to be capable of beinnf 
ascertained by reasoning alone. But independent of the ififficuldea 
and uncertainty, attending tlic subject in itself, there is another 
consideration, which has rendered me the more averse, from giving 
confidence to any of these writers, however learned or ingenious. 
Even the preliminary hypothesis, usually laid down by them, as to 
the pressure of earth upon revetments, seems to me to be erroneous; 
and if this opinion should prove to be well founded, all the theories, 
which have hitherto been published upon the subject, must neces¬ 
sarily fall to the ground. 

But if we set aside the doctrines of speculative writers, we have 
nothing conclusive or satisfactory, at least as far as regards military 
works, but the rules given by Vauban; and upon these it must be 
remarked, that they apply to one particular kind of profile only. 
In other cases, before stated, in which we are not aw'are, that 
Vauban proved his rules by actual practice, it would not, by any 
means, be equally safe to trust to diem. 

Upon the whole, therefore, the only positive knowledge, that W’e 
can be said to possess upon diis important subject, is as follows. 
If, in planning a fortress, we should think proper to adopt fuH 
revetments, like those of Vauban, we may with confidence use the 
dimensions, prescribed in bis general profile, as having been proved 
by ample experience to be sufficiently strong; but still a doubt 
may reasonably remain in our minds, whether these dimensions may 
not be greater than necessi^ requires. But if we should prefer 
partial revetments, either with narrow berms or without any; which, ’ 
for reasons explained in former parts of this work, are much more 
suitable for the profiles of a fortress, than full revetments; then 
we have only the theories, or rather conjectures, of speculative 
writers to guide us, in regulating the dimensions of our maatmry, ^ 
and it must certainly be allowed, that nothing can be iiiore unsaris- 
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MI More stated, than this view of tlie subject. In the 
course oi the extensive public works, which ha\€ been carried on 
at various Umes, in different parts of the woild, fractiues must 
occasionally have taken place in the masoniy, owii^ to a want of 
|MV>per strength to resist die pressure of eartli. If these had been 
carefully recorded, much insight into this subject would have been 
obtained; Init such incidents are usually kept in the back ground, 
as much as possible ; so that it would scarcely be practicable to 
collect a sufficient number to answer the purpose in view. As the 
matter u of great importance, a series of esperimeots, calculated to 
ascertain the greatest pressure of earth, that walls ef a certain 
quanti^ of masonry can support, under given circumstances, before 
they will break down, may therefore be considered, not merely as 
die only rational means of attaining any precise knowledge on the 
subject, but also as a desirable object in a public point of view. 

Having asserted, that 1 consider the theories of those writers 
who have treated this subject mathematically, as being of a very 
unsatislactory nature; I shall next proceed to explain the grounds, 
upon which I have formed this opinion. 

/ One principle, in which they almost all agree, is that the strength 
of revetments, in general, as opposed to a power aedng upon the 
hack of them, is in proportion to dieir masses, multiplied uito 
tbw respective levers, which are found, in the manner expluned 
iudie preceding chapter, by dropping a vertical line from the center 
of gravity to the base of each revetment. 

It u also generally allowed, that if two revetments are buUt of 
different materials, but of the same profile, that which is composed 
of the Iq^st substance, will be the weakest; and, for this reason, 
it has been recommended, that a brick w all should be made rather 
diicker than a steme wall, exposed to the same pressure of eartli; 
because the stone, which is generally used in building, in this 
coimtiyi is heavier than brick. 

So far the truth of die rules, usually given in books, may be. 
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readily allowed; as they either seem founded upon'very ohvioua 
principles, or are such as agree with Uie daily experience of Ei^ 
neers, and others employed in public works. With regard to the 
sdength of masonry, I should not therefore be inclined to make 
any difliculty; but when the nature of the pressure of earth comes 
to be considered, the case is widely diflFerent. 

In this part of their subject, the nviters on the theory are agreed 
in one point only, namely, in allowing, that the weight of earth, 
pressing upon the back of any revetment, and tending to overset it, 
is in proportion to a triangle, or other figure, which may be found 
in the manner explained in the preceding chapter, by drawing a 
line, from the rear of the base of the revetment, to the surface 
of the earth behind it, sloping in a certain proportion, as for 
example, at an angle of 45 degrees. This is precisely the hypo- 
thesis, before alluded to, which appears to me to be founded in 
error; and therefore, in explaining and reasoning upon the said 
hypoUiesis, which I have hitherto done, in treating of the present 
part of my subject, notwithstanding my belief of its inaccuracy, 
1 had solely in view the full information of my readers,- in order 
that they might not remain ignorant of the opinions held by former 
writers.* 


* It was stated, that the various speculative writers upon this subject all 
concur, in assuming one common hypothesis, as to the quantity of earth, 
which presses upon the back of a revetment, with a tendency to overset it. 
But when they treat of the modiheation, which must necessarily take place 
in the actual force, exerted by the above mass of earth, on account of various 
ciroumMances, such as the position of its center of gravity, &c. Stc., in con¬ 
sequence of which, the same actual weight or mass of earth may be sup¬ 
posed to be much more oppressive to a revetment, in some cases, than in 
withers; then the writers, alluded to, are all at variance with each other, nU 
of them having different theories of their own, which they generally bold 
out with considerable confidence, tar the gpiidance of ths practical Engi¬ 
neer; and considering the acknowledged tidents of those, who have wrea* 
tigated the pressure of earth, this discordancy in the inferences, wldch they 
have drawn from one common hypothesis, may be deemed a proof of the 
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Had dkese ^^nnions been less generally received, I should have 
preferred paemig diem over in total silence, for their fallacy may 
be proved io a raamier sufficiently obvious, even by reasoning 
aljOBe; and die strong objections against them, which first occurred 
Id me, in reflecting upon the subject, have .lately been corroborated 
by experiments of a very simple and yet convincing nature, that 
shall hereafter be stated, and of the accuracy of which any person 
may easily satisfy himself at a moderate expense. 

To explain these observations; draw a counterscarp revetment, 
abed, with an oblique dotted line, a c, to represent the extent 
of the pressure of earth, in the usual manner, before exemplified; 
and from the front of the 
base of the revetment, 
draw a second oblique 
dotted line, d f, parallel 
to the former, mtersect- 
ing the back of the revet¬ 
ment in the point, g. Then 1 say, that tlie triangle, a b c. 



obscnrity of the subject; for in matters citable of demonstration by geo¬ 
metrical reasoning, the results are always conclusive and convincing. This 
is dw case in Pure Mathematics, in which are investigated the nature of 
hnet, angles, geometrical figures, numbers, and other things, that may be 
eensidered intellectually, without any reference to the properties of matter. 
But in Mixed Mathematics, in which the consideration of material snb- 
stanees is also introdneed, certain data most always be assumed, and some 
hypothesis mast consequently be laid down, as to the properties of the suh- 
alMiees to be treated of, before any mathematical reasoning can be applied 
to fee sohject; and these data are not, like the axioms of geometry, ot a self- 
evident natore, or capable of demonstration. On the contrary, they are 
nsmdly invelved in great (discurity and uncertainty, if considered inteltec- 
tiudly: tsd it is, therefore, by means of numerons experiments alone, 
coodneted under many and various contingent circumstances, (hat a just 
or weftil hypotbesia, of the nature alluded to, can be formed ; alter which, 
Mafeematics maty be applied, with the greatest advantage, to the determi- 
natton of new cases, but not before. 
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although usually so considered, is not a true repres^tatkm of the 
quantity of earth, which presses on the revetment, a b e d, in sj^urli 
a manner as to tend to overset it, on the pivot or fulcrum, d. 

The line, a c, in our figure, represents the natural,slope, at, 
which Uie earth of the counterscarp would be able to stand of 
itself, without the assistance of masonry. Consequently, as the 
line, d f, which is parallel to it, has exactly the same slope, it 
must also be allowed, that if there were no revetmra^ the earth 
would be able to stand equally well, according to the last motioned 
line, as according to the former. If we therefore suppose the 
upper portion, g b e d, of our revetment to be cut entirely off, as 
also the upper portion of earth, g b f, there wiU remain, according 
to the common hypothesis, a mass of earth, a g f c, pressing upon 
the back of the triangular revetment, a g d, and tending to overset 
it, by throwing it over upon the pivot, d. 

Now, by supposition, the line, d f, represents the natural slope, 
at which the earth of the counterscarp will stand, without being 
supported. If therefore, tiie triangle, a g d, were composed of 
earth of the same quali^, instead of forming part of a revetment; 
it must be evident, that the whole body of earth, contained in the 
counterscarp, of which, d f, represents the exterior surface, would 
remain in a state of rest; nor can it be pretmided, under this sup¬ 
position, that the portion of earth, a g f c, would have the least 
tendency to overset the triangular portion of earth, a g d. 

But if die earth, contained in a g f c, has no power or tendenpj 
to overset the triangle, a g d, in case the said triangle were also 
composed of common earth; it may be considered reasonable to 
believe, that it must have much less power, and by no means a 
greater tendency, to overset the same triangular mass, if instead of 
being formed of earth, it were converted into masonry, which is a 
harder and heavier substance, adhering tc^ther in a compact 
manner, without any loose particles. And if such is th^ cm; 
namely, if the portion of eai^, a g f c, has no tendency wiMHtever 
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to oivenet the revetment, it must necessarily be allowed, that instead 
ni measuikig die pressure of earth, which acts with that tendency, 
upon the maaonry of our profile, by the tnangle, a b c; it ought 
more properly to be estimated by tlie smaller triangle, g b f, which 
does not press upon the w'hole mass of the revetment, d e b a, but 
upon diat portion of it only, which is represented by the figure, 
d e b g. 

It is to be observed however, that although the portion of earth, 
a g f c, has dius been proved to possess no tendency whatever to 
ovoset the revetment, yet the whole of it must necessarily press 
upon the low'er part of the masonry, in a certain manner; for it will 
be evident, that if the wall were entirely removed, the said mass of 
earth could not remun perpendicular in front, in the form, a g, but 
would fill] forwards. Now, any lateral pressure, which is incapable 
of oversetting a body, has a tendency to make it slide, if circum> 
stances w^ill permit, and such, therefore, would be the tendency of 
the action of the earth, a g f c, upon the revetment; but from the 
nature of earth and of masonry, and from the stability, which the 
latter derives on account of its base being buried some feet in the 
ground, it is impossible diat this sliding motion can be carried into 
effect; and consequently, as it can neither cause the revetment to 
overset^ nor to slide, the tendency of the pressure of the portion of 
eardi, a g f c, which acts upon the lower part of it, is to force it 
downwards, but in an oblique direction, upon its base. There, 
iiowever, it is resisted by a mass of solid ground, which, if the 
fouiKlation is good, it will be unable either to remove or to pene» 
trate; and dierefore, all things cmindered, it may be allowed, that 
the actmrt tendency of the portion of earth, a g f c, is to steady 
the revetment, by pressing it firmly down upon its base, with a 
ccmsiderable weight, which must be overcome by some superior 
power, before the wall can possibly overset. 

From the above considerations, it will therefore appear, that if 
0IJ mass of earth, such as the triangle, a b c, which is supported 
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by a revetment or retaining wall, ab e d, is divided into two por¬ 
tions, by an oblique line, d f, drawn from the front of the base of 
the masonry, backwards, at the same slope, at which the earth 
would stand of itself, without any revetment; it is only the 
I I*pKit POK'IION, g b f, of the supported mass, which can 
have the least tendency to overset the revetment; for the lower 
PORTION, ag fc, v\ill in all cases add stability to it. 'ITie latter 
shall therefoie, for the sake of precision, be styled the stabili- 
TAIINC, I'Oll'llON OF THE SUPPORTED MASS OF EARTH; the 
lin«‘, d f, which divides it from the u[)per poition of the said mass, 
shall be called the live of sera ra'i lo n, and the line, a c, 
\\hi<h bounds the whole, shall be called the boundary line. 

Having so far cvpluined the leading [ninciple, in v\hicli I differ 
from former writers, 1 shall heie remaik, that if what I have styled 
the upper portion of tin; supported earth, had no other tendency 
or action whatever, than to throw down the revetment, by moving 
it upon the pivot, d, it would in all probabilitv not he a diHicuU 
task to foim a coirecl theory of revetments upon the new hypo¬ 
thesis, which 1 have just laid down; but there are further consi¬ 
derations to be taken into account, which render the investigation 
of the pressure of earth of so very complicated a nature, that it 
seems to me doubtful, whether it will be posvsible to reduce it to 
a matter of calculation, at least by an^ simple process, likely to be 
practically useful.* 


* For exaniplr, draw' three figures of roimterscarp revetments, all of 
equal height, the Hist reelangiilar, the seeon^l sloping, the third icaiiing* 
Mark each revetment by the letters, a h e d, and fn»ni the center nfgiavity, 
Ii, of the masonry, drop a vertical line, h g, to the base. Mark tbc line of 
separation, in each figure, by the letters, d i f, and tbc bouiidurv line by the 
letters, a c, both of vvliicli are supposed to be diawii at an angle of 45 
degrees. In the first figure, let the point, m, represent the center of gravity 
of the upper portion, i b f, of the .supported carlb, and let o represeut the 
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I allude to property, ivhich loose earth possesses, of acting, 
not in ouc|^ direction merely, but in a great ^ariety of different 
directions,unldit finds its natural slope. For example, if we suppose 
the point, o, in the annexed figure (see page 348 ), to represent any 
particle of earth of the upper portion, g b f, it will be evident, that if 
it were not supported by the mass of earth beneath it, it would 
fall down vertical!), in the direction, o m. If we suppose it to he 
supported in the direction, m, and towards n, hut not furthei 


center of gravity uf the stabilitating portion, a i f e; .tiuI from tlo se piiint.s, 
draw perpendiculars, in n. o n, to the line of sepuialiMn,tl t. Lastl), in even 
figure, from the point, b, draw b n. (lerpendimlar to i i, and truin the 
points, f and i, draw f p> and i k, peipriido nlar to a e. 



Then, if we could suppose liic upper portion, 1 1> 1, oi the MippoFted (Miili, 
in each figure, to aiH sulel) with a tendene} tuuvcithrow the revctincni : 
that is to say, liiat no part of its pressure w'hatcver slioiild lie exerted in 
any direction falling within the base, a d, of the masonrv ; it would fuilow, 
that every particle of the supported earth lying ab(»vc the line, d i', would 
tend to overset or weaken, and that every particle of the same mass, lying 
below the line, d f, would tend to stabilitute or sirerigtlien the revetment; 
whilst those particles, the center of which coincided with the line, i f, 
would, as it were, remaiu neutral. C'oiiscqiieutly, the poiUons, i b f, and 
a i f c, in each figure, might not unreasonably be « oinpareil to the two 
counteracting weiglits in a pair of scales, of which the fuleMitu would 
always correspond with some part of the line uf hcparatJoii, if; so that the 
same doctrine might be supposed to hold good in both cases: that is to 
say, the actual force, exerted by the upper poiliou ul eurlli to overset the 
revetment, upon the pivot, d, might be supposed to be in proportion to its 
mass or area, i b f, multiplied into the hwer (m n) which represents the 
perpendicular flislance of its center of gravity (in) from the line of sepa¬ 
ration, i f; and, in like manner, the actual foiee, exerted by the stubili- 
Uting mass to strengthen the revetment, by pressing upon the base, a d, 
miit^t be supposed to be in proportion to the mass or area, a i f c, of the 
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than n, it wouhl then fall or slide down, in the direction, o n. 
-Again, if we snpjxjse it to be supported in every point from m, 
towards p, but not further than the direction, p, dien it would 
move in the direction, op; but if op, is nearly parallel to f d, 
the natural slope at which the earth w'ill .stand of itself, it will be 
evident, that the particle, o, can have no tendency whatever to 
move in tin* direction, o q, or in any otiier direction higher than ih^ 
point, p. 


said portion, niulliplted ml ) Ifie lever (o ii'^ whii h le^)le^eIl^.>» the perpen- 
dieulai distain e <•! if'< « eistei (((■jravitv (o) lioiii tiie line of separation, i 1: 
and, at tlic same nine, aecoriliim: to tiie (oiniiiun doetnne of f(-rnier 
vvrileijs, the power ol rpMstanei oi staij.'ny ot llie niasoniv. against any 
loree, tending to overset it on the pivot, d, might he supposed to be in 
prupoition to its in:i.ss oi ait-a, :i h e d, miiltipiic-d mto (he kvei, d g; and 
it It IS MJ|)po.sed to he built ul bii(kwoik, it will have the same specitic 
gravity as eoninion earth iieaifv. Conseipieiitlv, if it were leipiiied to find 
the thickness at bottom, a d, of a hriek wall, so jiiecb piopoi tioiied, that 
the stability of the inasoiirv, assisted by the lorce of the stalulitatiiig por¬ 
tion of (he supported oaitil, sliould he in e\!»cl eijuihhrium with the t>\ei- 
settiiig toice ol die upper poition of the Mijijioited eaith, tiu' stutcineut of 
our (pirstiun 111 the lectniigular revetineut, lepiesentcd in the first figure, 
would he as follows. 

Aiea .n h e d x d g + aiea a i f c x o ii ~ area i b f x mu. But from 
the eonstiuctiun ot our figures, bn will, in all cases, bo etjnui to n f, 
and f p, or i k, will he equal to p c; and from the properties of the center 
of gravity of bodies, the area of a i f c x on, will be equal to the area of 

2 

the two triangles (a k i + f p c) x -^f p, added to the area of the rectangle 
k i fp X— fp: and tJic perpendicular distance of the center of gravity of 

the triangle, ib f, from the line of separation, i f, will always be equal to 
one third of the perpendicular, b n, although it inaj not always eoineide 
with any part of the said perpendicular, as represented in our fiist figure. 
The former equation will, therefore, by substitution, assume the following 
form; 

abcdxdg-l-(aki + fpc) x^ + kifpx y = ibfx-j: 

And this last general statement will hold good, in all our three figures, and 
it is more convenient than the former, because it does away tlie necessity 

N N 2 
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If die Ime^ o r, is drawn in 
a contnlt^ <firection, so dmt 
die angle, m.or, shall be equal 
to the angle, mop; the par¬ 
ticle, o, will ill like manner 
have a similar tendciirv to full 
or move in any direction be- 



ii m 


tween m, and r, unless it is properly supported. But as its action 


ef finding the precise position of the points, ni. and o. 'J'lie same qtiostioit 
shall next be treated algebraical!}. 

Question. Given the perpendicularlici;^ht of ati> rcvetnieiit.ot a ci\en 
description, that is to sas, rectangular, sloping, or l(‘aiiin|;. to find x, the 
thickness at bottom, which ought to be given to the wail, in order that lh« 
stability of the masonry, aided by the forei' <4' the itabiiitating poition ol 
the supported earth, shall be in equilibrium with the oversetting power ot 
the upper portion of the supported earth; tin* speeilic gravity of the 
masonry and earth being supposed to be equal, and the latter being 
posed capable of standing at an angle of 45 degrees. 

Case 1. When the revetment is rectangular, and its given height i.s 
8iippo.sed to be “ a. 

Coder this supposition, by substituting r, as the value of the square 

root of 2, the stability oi the masonry will be represented by — ; the iuier 

of the stabilitating portion of the supported eartli ^vill be represented by 

^_ ; and the force of tJie upper portion of the supported earth will 
Sn 6n 

. (a—xy 

be represented by ■ ^ Consequently tlie statement of the question 
will be as follows. 

ax’ ax’ X- (a—ary 

y Ur 6» “ Ott 


Solution. 



Case 2. When the revetment is sloping; its given btight being sup¬ 


posed to be ^ a, and its given slope = ~. 


In this caso the value of the stability of the masonry will be 
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on that side of the vertical line, o m, can produce no effect wlwt« 
ever upon the revetment, vve shall take no further notice of it, ^ 
Now it has been shewn, that the particle of earth, o, has a 
tendency to move, unless supported, in any given direction, bc- 
tuceil the points, in, and p; and consequently, if it is supposed 
to be supported throughout the whole of the above space,,, it must 
act with a certain pressure upon every point of the supporting 
mass. But its pressure will, of course, be greatest in tfra vertical 


but the value of each of llic two |>ortions of the supported earth will re¬ 
main the same, a* iii the former rase. The statement of the question will 
therefore be, 

fljr* fla:* r' (a —*)* 

a Ce“ 2« 6m On 


y «* u* a* a 

■5 + s + 3? - 


Casi. 3. AMicn the revetment is leaning, its given height being sup¬ 
posed to be = fl, and its slopes each ~ —. 


In tliis case, after substituting p, as the value of the expression, 1- 

c 

a’x ex’ 

the stability of the masonry' will be represented hy — -f — ; the force 

a 

of the stabilitating portion of the supported earth will be represented bj 
ex* x' 

—-; and the force of the upper portion of the supported earth will 

2n opn 

(ap—xY 

be represented by ——: so that the statement of the question will 
be, 

r flx’ ox® x’ (ap —x) ’ 

2c 2 2 m 6pn Opn 


Solution. 



ap 

2n 


According to these solutions, in profiles each 30 feet high, the value of 
X, or the thickness of masonry, in a rectangular revetment, would be 
7‘4109 feet: the value of x, or the thickness of masonry at bottom, in a 
sloping revetment, ha'iing a slope of one-fiftli, would be =: 77404 feet, and 
the mean thickness of the masonry would be equal to 4*7404 feet: whilst 
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dbnection, O niy which corresponds with the action of ^rav ity ; it 
will be kMKSt In the direction, o p, which agrees nearly n itii the 
natural slopes;'lind in any intermediate direction, such as n, it will 
act with greater foice than in the direction, p, hut with less force 
than in the direction, tn. Rut on inspecting the ltgure,«it will be 
evident, that the whole of t!ie pressure, exerted by the paiticle of 
earth, o, upon that portion of the suppoiting mass, which lies 
between ll^e points, m and a, acts upon the stubilitating mass of 
earth, aiiA in all probability adds to its power of strengthening the 
re\etment. It will aU ) he e\ider.t, that the whole of the pressure, 


the value of .r. or the thieknevs «f iii:isrjni>. rnraMaefl li tn/oiilulix. m a 
leaning revetment, alsi) MipjMised !(» li:oe .-^loires ol' uuL-taili, woia i he— 
4-8755 feet. 

The theon, whir h has jir.t been .skiled, orr uriecl to ini , .mkui aliei 1 
discovered the \ vt\ erroneous nature of the eoininoii h\ juttliesis as to llie 
pressure of earlh upon revetments; and the results, ohlam^Ml fiom the 
soliition.s, even appeared to agree with .some of our tirsl exfteoiuents; tint 
on reflecting fur.hcr upon the subject, ami on tivtiig inorr- expenim ot.^. on 
a larger scale, and with a more perfect apparatus, 1 toimd that tins liootv 
also rested upon an imperfect hvpothesis, although certumly mm h ie,;s 
objectionable than the coromoii one. 1 do not thciefnre rer oinnicud thal 
tbc method of estimating the sticngth of counterscarp rcvctDiouls, which 
faa.s been explained in this note, should be followed in practice , nor do 1 
vouch for the accuracy either of the above solutions, orot others, that might 
be obtained by applying the same principles to scarp revetments, deini* 
revetments, &c. But upon the whole I judged it best to iiitioduce them, 
although not strictly accurate, because to those readers, who ma} not have 
studied any of the common theories of revetments, tlic aliove will serve as 
a specimen of the manner, in which mathematical writers have usually 
attempted to reduce this subject to a matter of calculation. 

As the more correct theory of revetments, which is afterwards laid down 
by me in the text, and corroborated by experiments, i.s foiimlcd upon a hypo¬ 
thesis of a more complex n.iture than the above: hcnc-e arises the ditlieiilty, 
which, as I said, there will |)rnbubly be, in solving it inathemutically, by any 
convenient formula, likely lo l»e practically useful; for even in eairiilatiiig 
according to the very simple liypolhesis assumed in thU note, if we had not 
supposed the speeiOc gravity of the revetment and of the supported earlh 
to be equal, solutions of a simple nature could not have been uhtaiiicd. 
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«xertcd by ihc same particle, in the direction of any point, such 
as II, >^hich within the base of the revetment, must neces¬ 
sarily tend to add stability to the rnusotiry; so that the only part of 
the pressiiie of the particle, o, which lends to overset the revet¬ 
ment, is that which is exerted in the direction of some point, 
such as p, which falls without the base of the wall. 

From hence it foilow's, that the strength of any profilffis as the 
mass of iimsoriry contained in the revetment, and as tl|^ stabili- 
taling portion of the supported earth, directly; both of which, in 
a revetnient of any given description, whether rectangular, sloping, 
counlerslopiiig or leaning, will evidently increase in proportion to 
the base or mean thickness of the masonry : so much so, that by 
adding to the said thickness, the upper portion of the supported 
earth, which is the only ])art of it that can possibly tend to weaken 
the ic\etineut, may be made entirely to disappear; and this case 
shall be considered the first, out of four distinct cases of revet¬ 
ments, that shall now be explained. 


Case I. For example, in the annexed figure, if we suppose, 
a b *• d, to represent a counterscarp or gorge revetment, whose 
base is equal to its height, the dotted line, d b, drawn from the 
front of the base, paiallcl 
to the boundary line, a c, 
will not, as in our former 
figures, cut ofF any portion 
wliutever of the supported 
mass of earth, a b c; and 
consequently the w'hole of 
the said mass must add 
stability to the revetment, so that the masonry will become 
imich stronger and more capable of resisting any power, that 
may ha\c a tendency to overset it, after being backed with 
loose earth, than it was before. ^\nd in a profile of this kind. 
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CHAP. X\V. 


it will be evidoit, from the principles hcfoie bid down, tiiat 
by increa^g tibe quantity of loose earth, pressing upon the buck 
of the revemifilit; as for example, by raising it to tlie level, ni n, 
the atability of the profile uill be increased in proportion ; but if 
the quantity of supported earth is diminished, as fur example, by 
loweiitig it to the level, o p, then the stability of the profile will 
be diminished in proportion; and the supposed revetment will be 
reduced to its weakest possible state, by clearing away the whole 
of the loose earth from behind it. 

Case II. But in order to produce u similar efft ct, namely, that 
the mass of supported earth, in any profile, shall, upon the whole, 
add stability to the masonry, it is not absolute ly nece.<<sur\, that tlu- 
base of the revetment should be equal to its height, or that the 
former should bear so great a proportion to the latter, a.> to cause 
the upper portion of the supported earth entirely to (lisapj>ear, 
as in our last figure. For although the upper portion of the 
supported earth, when such there is, in any profile, has alwa\< 
some tendency to weaken the revetment, )et it was before shewn, 
that even this portion docs not exert the whole of its foue to that 
effect, but a part of it only, the remainder ol its foice being employed 
in adding stability to the masoni), by pres.sing il downwards upon 
its foundation. And consequently, in those profiles, in which the. 
base or mean thickness of the revetment are so regulated, that 
after the wall is backed witli loose earth to the level of the top 
of the revetment, the upper portion of the supported earth bears 
a smaller ratio than usual to the stabilitaling portion, it may 
happen that the stabilitaling power, even of the former portion, 
singly, shall be very' little inferior to itj* own oversetting pow'pr;'so 
that, upon the whole, the general result of the action of the total 
supported mass, upon tlic stability of the revetment, shall be similar 
to tliat of our former case. 

Thus, for instance, in the following figure, in which the mean 
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thickness of the counterscarp or gorge revetment, is sup¬ 

posed to be rather less in 
proportion to its height, than 
in our last example, other par¬ 
ticulars remaining the same; 
it may easily be understood, 
that the small superior por¬ 
tion, g b f, of the supported 
mass of earth can, of itself, 
ha\c very little power of weakening the masonry, even if it were 
not counteracted in that tendency, by the much superior power of 
the stabilitating portion, a g f c ; and llierefore the same general 
conclusion will hold good in this, as in our former case; that is to 
.say, the revetment, abed, will be in its weakest po.ssible state, 
when there is no earth pressing upon it: its strength will be greatlj 
increased by backing it in with loo.se earth to any given continued 
horizontal level, such as b c, and it may be still further increased, 
but cannot be diminished, by adding to the quantity of loose earth, 
as for example, by raising it to a higher level, m n o. 

[u the case, which has just been stated, it is to be observed, that 
although by increasing the height of loose earth from the level, 
be, to m o, the upper portion, g b m n, may no longer bear a 
very small ratio to the stabilitating portion, a g n o, as before; yet 
by reason of the natural slope, b m, the additional mass of earth, 
b m n f, w hich becomes a part of the upper portion, is thrown so 
much to the rear of tlie revetment, as to exert a very considerable 
part of its pressure upon the base of tlie wall in a manner favour¬ 
able to stability.* 

Case III. By reducing the proportional mean thickness of 


* In reflecting upon this subject, it occurred to me, that there might be 
ftases, in which the stabilitating power of the upper portion, g b f, of the 
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BMlsoiiiy of ovnr couoterscarp revetment, a certain liegrec less than in 
oursecot&l su|^K>8ition, other particulars remaining the same, it mu} 
happen^ the strengthening and o\er.selting jiowers of the 
supported mass of earth may become exactly equal, so as to cajK l i 
each other, like equal and counteracting weiglits in an opposite 
pair of scales. \\ hen such is the case, altliough the weight of 
earth pressing upon the roetmcnl may be ver\ great, its effect in 
regard to the stability of the profile will be null, so tliat precisely 
the same power will be capable of oversetting the revetment, uhen 
backed to its proper height with loose eaitli, which would have been 
capable of oversetting it, before any earth whatever was applied 
to it. 

Case IV. If we suppose the mean thickness of masoiir} of om 
couBterscarp re\etment to he icdueed, in a ceitain degtee ]e<ib ihaii 
in our^last supposition, otiier jiarliculars reinuiniiig tiu* same; it 
will then happen, that the upper portion of the supported earth 
may exceed tiie stabilitating portion in inagnituiie; and at tiic 
same time, that its own oversetting power may he coiisideiably 


snpported mass, might exceed its own oversetting power: so Hint, even the 
npper portion, considered singly, might tend, upon the w hole, rather to 
strengthen, than to weaken the profile. On trying \amHih experiments, 
however, to ascertain this point, some of wliieh shall after wards he noticed, 
we found that in loose soil, the upper portion of the supported mass does 
always appear to weaken the profile, more or less; so that, for example, in 
oar present figure, although the sohstantial rcvettueiit, abed, has gicaU'r 
gtabUity, when backed w ith the mass of loose earth, a b c, than if liiere were 
no earth at all applied to it; its stability would be still further increased by 
removing from the said mass, the upper poition, g b f, and leaving only the 
lower portion, a g f c, to press against the back of the masonry. In like 
manner, the same revctiuent, abed, will have more .ituhilify, when backed 
with the mass of loose eailb, ahmo, than if tlicic were no earth 
applied; but its stability will ii'- greatest of all, when the upper portion, 
gbran, of the said mass is removed, leaving oiil} the lower portion of 
it, ag n o, to act upon Hie back of the niasonr}. 
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gi cater than its strengthening power. When such is the case, the 
ic’\('tment will be much weaker when backed with loo'se earth, 
than if thcic wcie none; so that it will overset at a c^ainheight 
uy the mere pressure of earth acting upon it; but even in this 
case, as in our former ones, some portion of the supported earth 
will always tend to give stability to the masonry. 

I'ur example, a b c d, in the annexed 
figure, may leprescnt a counterscarp revet¬ 
ment of this description, which is so pro¬ 
portioned, that after backing it with 
loose caith, to the level, e c, of the top of 
the mu<)Unry, it w ill barely be able to resist the pressure; by 
reason of the great lalio, w hich the superior portion of the sup- 
poited earth, g b f, beats to the stabiJituting portion, a g f c, as 
well us on aceoimt of the inconsiderable power, which either of 
them can excit upon so small a base, as that of our present 
icvetnieiit. Jn a profile of this description, any tlie least addition 
to the (piantity of loose earth, pressing on the back of tlie revet¬ 
ment, as for example, by raising it to the level, m n, would instantly 
overthrow the wall. If, on the contrary, we suppose the quantity 
of loose eaith piessing upon our counterscarp revetment to be 
diminished, as fur example, by lowering it to the level, r s, iu 
oversetting powei will also be diminished in proportion, so much 
so, that the notion of the loose earth may conic under the tliird 
case; that is to say, the re\etinent may neither gain nor lose in 
stability, by being so loaded. Again, if we suppose the quantity 
of loose earth to be still further diminished, as for ei^ample, by 
loweiing it to the level, o p, the upper portion, g o q, of the 
supported mass, may then bear so small a ratio to the stabilitating 
portion, a g q p> that the circumstances may come to agree with 
those of our second case; that is to say, the revetment, when 
backed to the level, o p, will become somewhat stronger, than if 
there were no loose earth pressing ujion it. 
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Hiving BOtv stated the four general cases of revetments, it is to 
be remi^l^^jl^t the two former arc not suitable for practice, as 
tbej evid^tuj imply a much greater strengtii of masonry, tiian can 
be necessary, for supporting the pressure of loose eartli acting upon 
diem. The third case, or even a profile in some degree weaker, 
is suitable for revetments without counterforts, when such arc 
used. The fourth case, in which the masonry is barely capable 
of resisting the pressure of earth acting upon it, may, b\ the 
addition of well-proportioned counterforts, be rendered sufiiciently 
itrong and fit for practical purposes. 

With regard to the effect produced upon the stal)ility of partial 
revetments by a berm, it may be observed, that this also w ill, in a 
great measure, depend upon the propoition which the base or 
mean thickness of the masonry bears to its height. If the pro¬ 
portional thickness is inconsiderable, such profiles will be stronger, 
by allowing them a berm ; but if their proportional thickness 
should be increased beyond a certain limit, they will then be 
stronger without one. 

For example, in the annexed figure, if we suppose the mean 
thickness of the revetment, a c b d, to be so small, in proportion 
to its height, that it is barely strong enough for resisting the pres¬ 
sure of loose eaith, when raised m 

to the level, e c, of the top of 
the supposed masonry; it will 
be evident, that after allowing a 
benn of sufficient breadth, such 
as b f, the mass of loose earth 
may be increased, by raising it 
to any given height, n o, above 
the revetment, w ithout prejudice to the strength of the profile; 
for by this arrangement the additional mass of loose earth, f n oe, 
may be thrown so much to the le.'u, as to act solely upon, and to 
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eo-operatc with, the stabilitatiiig portion, a g f e, of the original 
supported mass pressing upon the revetment, the effect of which 
will be favourable. But if the loose earth were supposed to be 
raised to an equal height, m n o, above the same revetment, without 
allowing any berm; then so great an additional mass, bhmnf, 
will be made to co-operate with the upper portion, g c f, of the 
original mass of supported earth, that the revetment will be 
unable to I osist their united efforts, tending to overset it. With 
respect to the sinali additional triangle, c b h, it is true, that by 
jiressing vertically downwards, upon the top of the revetment, it 
acts w ith its whole weight in a manner favourable to stability; 
but in thin profiles, like that which is now under consideration, 
this triangle forms by far too inconsiderable a portion of the total 
additional mass, b m n f, to be of any effectual assistance to the 
revetment, which, if loaded w'itli loose earth to a certain height, 
without allowing a berm, must necessarily fall, as was before asserted. 

To illusliute more fully the principle which has been stated, in 
a second figure, drawn similar to the foimer, in other respects, 
let A C B D represent a^ew' revetment, whose mean thickness 
bears a much greater la- 
tio to its height, than that 
which has just been coni- 
iJiented upon. Then it 
will be evident, that if 
the loose earth pressing 
upon tliis new revetment, 
should be raised from the 
level, C E, to tile height, N O, allowing a broad berm, such as 
B F, the additional mass, F N O E, will act upon and be made 
to co-operate with the stabilitatiiig portion, A G F E, of the ori¬ 
ginal earth pressing upon the revetment; and this, according to 
the principles before laid down, will tend to increase the stability 
of the profile, in a certain degree. But if the earth should be 
raised to the same height, M N O, without allowing any berm, 
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Amb streogth of die profile will be still furtiier increased ; for the 
addition^ triag^, C B H, aetinj; \crticiillv, which in onr Torrnei 
profile wiki ^IM^ificant, m ill, in onr nc\c profile, by reason of the 
greater thickness of masonry, become so colisiderable, as to have 
very great power in preventing the revetment from oversetting; 
whilst, by the same reason, the remainder of the additional mass, 
C 11 M N F, although bearing upon the superior portion, (i fF, 
of the origiiialK support cl earth, will be tin own so niucii to the 
rear, as to press with a consideiable force, and witli an eflect also 
favourable' to stability, upon tlic base, A O, of the icvetmcnt. 
Thus, upon the whole, our present substantial profile, A C HI), 
if used as a partial revetment, will be stionger without a berm 
than with one. 

From the same reasoning, it will be obvious, that when a par¬ 
tial revetment, of inconsiderable thickness, is constiucted with 
counterforts, a contrary efi’ect may be produced upon the scwcrul 
portions of the profile, tlie use or disuse of a berm. Foi ex¬ 
ample, the revetment itself, in general, may be weakened, by 
raising the loose earth over it to a cer^m In ight, without allowing 
a berm; whereas, those particular pjRons of it, that are sup¬ 
ported by countcrfoits in real, niu\, by leasoii of their snperioi 
depth or general thickness of masonrv, be greatly slrenglbened, 
in consequence of the same construction. 

We bhall next take into consideration the peculiar effect produced 
by counterforts iu strengthening a revetment. In this inquiry, the first 
obvious principle, which naturally presents itself, is, that, as far aa 
regards the pressure of loose earth in rear, only, in any revetment, 
constructed with counterforts, those particular portions of the ma- 
soniy, which are supported by a counterfort, will have a stability 
equal to that of a simple profile, of the same height, without coun¬ 
terforts, whose thickness shall be equal to the total thickness oi 
depth of masonry, contained in the first revetment, and in one oi 
its counterforts, added together. Thu.s, for example, in tl^ an- 
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nexed sketch, which represents the foundation plan of a rectan¬ 
gular w^ll with counterforts, if w’e suppose the height to be 20 
feet; the thickness, ac, of tlie revetment, to be f<kt; and the 
length (c c) of the counterforts also to be 5 feet; it will be evident, 
that as far as regards the pressure of loose earth acting imme¬ 
diate!)'in rear of it, the stability of any portion, eabf, of the 
prolilc, which includes a counterfort, will be the same as that of 
a similar portion ^ ^ 

«>f another rectan¬ 
gular profile, with¬ 
out counterfoits, al¬ 
so 20 feet high, but 
having a thickness 
of K) feet, which 
is equal to the total thickness or depth of masonry, a e, contained 
in a continued section, taken from the front of the revetment, re¬ 
presented in our present figure, tiuough one of its counterforts. 

Rut it is furtluT to be remarked, that in all revetments having 
counterforts, the pressure of loose earth retained does not only act 
upon the rear, but also upon the sides of e\cry individual coun¬ 
terfort, suchas, cefd, in our figuic. For example, if we sup¬ 
pose the points, o, m, and ii, to be equall) distant, the former 
from the rear, the two latter from the si<les of the said counterfort, 
they may represent loose particles of the letained earth, situated on 
the same horizontal level, at a considerable height above the base 
of the masonry. It is almost needless to repeat, what was before 
observed, that loose earth has a tendency to act in a circle, in every 
direction, but always at a certain angle dowmwards; * conse- 

• The scope of action of a ))article of shingle or loose cai tli, may be 
represented by an upright cone, of indunnilc depth, of which the said 
particle is supposed to be placed at the vertex ; and whose sides slope in 
such a manner, tliat in a vertical section, the angle at the vei tex shaH either 
be a right angle, or a little greater. 
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the two particles, m and n, ^\ill not only press against 
the back of jhe revetment immediately in front of them, hut also 
against lbe^<||s, c e, and d f, of any counterfort such as, c e f d, 

^ A' 

which is to the right or left of them, upon- which they will each 
act, with a force equal to that, wherewith an> equidistant particle, 
o, acts against the back of it. But it must be evident, that the 
pressure, exerted by the particles, m and n, on opposite sides of 
the counterfort, cannot have the least tendency to overset it: on 
the contrary, these particles jam or grasp it between them witli great 
force, in the same manner that a blacksmith’s vice grasps the sides 
of a piece of iron; and as the same reasoning which applies to any 
individual particles, such as, ni, n, and o, applies to all other parti¬ 
cles, composing the total mass of retained eartli; it follows, that 
whatever tendency there may be in the prcs.sure of loose earth 
acting on the back (e f) of any counterfort (c e f d^ to overset tlie 
profile, this tendency is powerfully counteracted by the pressure 
of the same material, acting upon the sides of it (c e, and df). 
And, from these consideratioirs, it will appear, tliat in a revetment, 
built with counterforts, the stability of any portion (e ab f) of the 
profile, which includes a counterfort, will not merely be equal to, 
but will be much greater tliau, the stability of an equal and similar 
portion of another revetment, built witliout counterforts, but of 
the same height, and having a thickness of masonry (a e) equal to 
the total thickness or depth of masonry, contained in a continued 
section, taken from the front of the first revetment through one of 
its counterforts. * 

llere it may be remarked, that this is another part of their sub¬ 
ject, in which all the theoretical writers upon revetments have 


* In consequence of the great additional stability, arising from the 
pressure on the sides of connterforts, it will ofien happen, that a revetment 
of any given thickness (sooh as 5 feet), and having counterforts of a given 
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fallen into error; for none of them have taken the least notit^ of 
the pressure of the supported earth, upon the si^es of counter* 
forts, which has been sboM n to act in a manner so 'fttj fg^ourable 
to stabilit)': and according!^’, in consequence of diis omission, 
the various theories of revetments, that have hitherto been 
published, if applied to profiles nith counterforts, ^'ield results 
still more glaringly erroneous, than when they are applied to simple 
profiles without counterforts. 

Having thus explained the various effects produced by the pres 
sure of loose earth upon revetmeuts ; having shown, that this 
pressure does tiot always tend to overset or weaken, but that, in 
certain cases, it may greatly strengthen a piofile; having also shown, 
that, ill some cases, a berm may be prejudicial to the stability of a 
partial revetment; both of vvhicii positions are equally contrary to 
received opinions; and having lastly explained an important advan¬ 
tage, arising from the use of counterforts, which appears to have 
been hitherto entirely overlooked; 1 shall remark, that although 
the truth of these new principles upon the subject of revetmeuts, 
will piobably appear sufficiently obvious, from what has already 
been said; }et i conceive, that it would be a vain task to attempt 
to determine, by reasoning or calculation alone, what p£lrticular 
dimensions ought to be given to a profile of a certain description, 
in order to bring it exactly under any one of the various cases of 


length (whicli we shall also suppose to be 5 feet), may gain in stability by 
being backed with loose shingle to any given height: whilst another levet* 
ment, without couutcnbrts, of the same height, and having a thickness (of 
10 feet, which is) equal to the total depth of masonry in the strongest 
parts of the former, will not gain, but lose, in stability, by being backed 
with shingle to a similar height, and under similar circumstances. 

The truth of this observation will be prov cd by referring to the tables of 
experiments witli shingle afterwards given, in wliicb compare experiments 
109, 110, 111, 112, 113, in Table IV, with experiments 62, 63, 84, 85, 
66, in Table 111. Compare also experiments 119, 120, 121, 122, 123, in 
Table IV, with experiments 72, 73, 74, 75, 76, in Table HI, &c. See. 

VOL. It. O O 



m ELEJ^NTARY FORTIFICATION, chap. xxv. 

revetmeDt9^ which have been discussed. And therefore, without 
enlargiitt upon general principles, I shall now proceed to 

state the>^|i||||fcrinients before alluded to, which Mere rect' iitiv 
tried, at Chaffiam, under niy directions.* 

A certain number of wooden cases, which shall afterwards he 
more particularly described, were piepared and tilled with ramined 
earth, so as to weigh about 84 lbs. per cubic foot, lliey were 
all three feet long, and most of them 20 iuciies higii, but their 
mean thickness and slopes ditfered, in order that they might repre¬ 
sent revetments of various kinds and propoition.s. Most of our 
experiments upon these models wtte tried with loose shingle per¬ 
fectly diyr, which when thrown up to the height of 5 feet assumed 
a slope, whose ba.se was about 0 feet :> iiieiies. At smaller 
heights it might be made to stand a little steeper, but in no case at 
a less slope, than tliat of 1 to 1. A cubic foot of this suhstance 
weighed 89 lbs. 

When any experiment was to be tried, one of the models was 
placed on its base, in the })osition, A, upon a smooth plane of 
wood, b c, as represented in the annexed tigurc. To tire back of 
the top of the model was fixed one end of a string, which after 
passing horizontally over a pulley, d, hung down ami supported a 


• They were coinmeiircd bj f.iciit. ’Montgomer) U'illianis of (1i«Ko>hI 
Engineers, with a select party of intellriri'iit non-roimnis>'ioiicd ofltr'ers 
and privates. That oflirer tried person.nUy nearly the whole of (he exjre- 
rimciits vrith shins'll- contained in the first seven Tables, after which, on his 
beiny removed to anoiber slalton, I gave the eharcc of the party to Ser¬ 
jeant Dtniel O'Bryeir, who bad prcviottslv assisted Lirnl, Williams, and 
who completed the rcniuindor of tire expi'iinients recorded in this chapter, 
with the exception of some that were tried by Serjeant Foster Taylor. 
The same process was in all casc.s repeated several times, for the sake of 
accuracy, taking the menu of the sariuiis results, as the definitive conelii- 
sion to be drawn from eaeJj experiment. I w’as frcqnoiitiy present, and am 
satisfied as to the aeenraey, with whudi the various trials were made. 
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scale, E, for holding weights. After the model was thus atranged, 
a trial was first made, by means of the scale, to i^ceilain what 
M'eight was required to overset it, without any sfaongie or loose 
earth being applied to it. 'I'his being done, the model was tiien 
replaced in the same position, and backed with shingle to a cer¬ 
tain height, according to the nature of the proposed experiment; 
and if it did not overset in consequence of the pressure, thus act¬ 
ing upon it, weights were put into the scale, as before, in order to 
ascertain the increase or diminution of stability caused by the 
»hinglc. 

It is to be observed, that a rough board, f g, sloping at an angle 
of rather less than 45 degrees, was placed about one foot in rear 



of tlie bottom of the model: so that in whatever mode the mass 
of shingle might be applied to the supposed revetment, it was 
always bounded and supported in rear by the boarck This was 
done in order to save the men employed from unnecessary labour, 
in throwing up a superfluous quantity of that material; it being 
evident that no part of the mass of shingle, which was behind the 
dotted line, h i, drawn parallel to f g, could possibly aflect the 
revetment. For the same reason, the space, in which the shingle 
was tiirown up, was bounded, on each side,by two smooth planes of 

o o 2 
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wood work) placed vertically ztnd parallel to each other, one of which 
is shown^n ^|evmtion by the rectangle, h k g c; their distance apart 
beipg abdiitil feet 1 inch; that is to say, a small degree more than 
the length of each model: and great care was taken, in every e.vperi- 
mmit, that the model should not be prevented from falling, by any 
particles of shingle getting jammed between the ends of it, and 
the above planes; forwiiicfa reason it was placed immediately in 
front of, but yet as near to them, as possible, in the maimer 
shown in the figure.* By reason of the small lieight of our mo¬ 
dels, it was necessary to dig a hole in front, in order to make room 
for the free action of the scale and weights. All our e.xperiments 
were tried under cover, this precaution ha\ ing been found essen¬ 
tial to accuracy. 

The first set of models made, represented by the letters, 
a, b, c, and d, in the annexed figures, were all Q.(i inches high ; 
bad a thickness or mean thickness of 4 inches, and weighed each 
of them 182 lbs. The model, a, represents a rectangular rcvel- 
ment; b, represents a counterslopiug revetment, having a couiitt r- 
slopeof one fifth; c, represents a sloping revetment, having a .s!«*pe 
of one fifth; and d, represents a-leaning revetment, also having 
slopes of one fifth. 



On tiyring the stability of these profiles, in the manner before 
d^ribed, we found that the rectangular model, a, required a 


* When couatersloping or leaning models were used, small triaugnlar 
pieces of plank, cat so as to correspond with tlic slope of tlie back of the 
supposed revetment were added to the lower part of the front, h k, of 
each of the wooden planet. 
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M'eight of 12 lbs. to overnct it without sliingle; but on backing it 
willi that material, in order to represent a countersctirp revet¬ 
ment, it fell of itself without any weight being used, as soon as 
the siiingle was iui>>(d to the height of 22 inches above the 
ba'je, that is to say, 4 inches lower than the top of the 
model. (SeCf in the folloKing Tables of Experiments, Tab. I. 
Exp. No. 1.)* 

The stability of the countersloping model, b, without shingle, 
proved to be 12.) lbs. On backing it so as to represent a counter¬ 
scarp revetment, it also fell of itself, without using any weights, 
as soon as the shingle w as raised to the level of the top of the 
model. eSre Tab. 1. Exp. 11.) 

The stability of the sloping model, c, without shingle, proved 
to be 27 Ihs. ^Vhen backed to the level of the top of the model, 
so as to represent a counterscarp revetment, it required a weight 
of ol lbs. in addition to the pressure of the shingle to overset it. 
The original stability of this model being therefore equal to 27 lbs. 
and its stability as a counterscarp revetment only 3) lbs.; it fol- 
loyvs, that the stability lost, in consequence of the pressure of 
the shingle, inaj be estimated at 21 i lbs. (Sec Tab. I. Exp. 5.) 

The stability of the leaning model, d, without shingle, yvas 


* In our various experiments with shingle, the models were always ob¬ 
served to moye a little, after the application of a certain weight, which 
hn Moyei ftroved incapable of over.setting them. The W'eiglit required to 
moyc any nutdcl, in the manner alluded to, in a small degree out of its 
original position, which was done by pulling the top of it forwards, whilst 
(he front of the base appeared to remain at rest, amounted usually to 
about three fourths of the total yvciglit, or even more, when the models bad 
rounterfurfs attached to them ; but when tried without coiiiiferforts, the 
yveight which first fhoved our models, was, in general, rather less than two 
thirds of the oversetting weight. It did not, however, in any case, &11 
short of one half of the latter. Several intermediate movements or 
changes of position usually took place, between the first movement-*and 
the fall of our models. 
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25 lbs. but as a counterscarp revetment its stability proved to be 
only 6|lb|.; io tliat the stability lust in this piulile, bs reason of 
the shingl^^peared to be 18^ lbs. (See 'fab. I. Exp. 8.) 

From the abo\e experiments, ve eoncliulcd, lliat any profile 
■without counterfoils, even having so consuierablo a slope as one 
fifth, whose mean tliicknes-. is two tiiirteenlhs of its iaight onlv, 
will not by any means be strong enough, eillicr for a goige or 
counterscarp ie\ctiiicnt, in foitiircation, or fir the retaining wall of 
a wharf, &,c., in ci\ii works. We liieielvne had a new set of 
more substantial models made, also *20 inciu s liiih, but having a 
thickness or mean tiiiekness of 8 inches. Lath of these new mo¬ 
dels, being double of the former in cubie content', weighed 
664 lbs. 

On trying the new rectangular piolilc, wlio"*!' dim(’nsi<<iis ha\e 
just been stated, its stability without shingle was 17 Ihs.; but on 
backing it with liiat material, so ns to represent a ciMinter.'caip 
revetment, in the manuei shown in fig. c, its stability pru\ed to be 
only 60 lbs.; tlie loss of stability, oeeasioned by the pressure of 
the shingle, being therefore equal to 17 lbs. (See Tab. 11. Erp.4'.>.) 



Wc next tried the same rectangular model, as a scarp revet- 


* That is to say, its .stability as opjwsed to a pressure in rear. In a 
contrary direction, by rcaituu ul the smallness of its base, it bad none, but 
even required some support to prevent it from falling. The same happened 
in one of our other leaning models, in w hieb the tfiickness w as so inconsi¬ 
derable, that a vertical line, droj>t from the centre of grutily, also li iJ 
without the base. 
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merit without a berm, heaping shingle above it, in the maimer 
shown in fig. f. As soon as tins mateiial was rwed 24 inches 
higher than the top of the supposed revetment, the model fell of 
itsell, b} the pressure of the shingle, without any weights bein^ 
used. (See Tab. II. Exp. 44.) 

On allowing a berm of 8 inches, the stability of the same rec> 
tangular model, when the shingle was raised JO inches higher than 
the top of it, in the manner shown in fig. g, proved to be 14 lbs. 

And on afterw’aids raising the shingle to the height of 60 inches, 
with a berm of the same breadth, iii the manner shown in fig. h, 
the stability of tlie model proved to be 13 lbs. (See Tab. W.. 
Exps. 43 and 40.) 

We next tried the countcrsloping model, whose height was 26 
inches, its mean thicivness 8 iiiche«>, and its counterslopc one fifth 
of the height, under the several following ciicumstances : 

First, we ascertained its stability without shingle, which proved 
to be .51 lbs. 

Secondly, we tiied it as a counterscarp revetment,, by backing it 
with shingle, in the manner represented by fig. i, which being 
done, its stability pioved to be 80 lbs.: so that a countersloping 
model of the above description appears, in this case, to gain an 
additional stability of 29 lbs., in consequence of Uic pressure of 
the loose shingle acting upon it. 



Thirdly, we heaped shingle over the top of the model to the 
height of SO inches, without a berm, in the manner shown in 
fig. k, which being done, its stability proved to be 70 lbs. 

Fourthly, we raised the shingle as before to the height of SO 





m ELEMENTARY FORTIFICATION, chap. xxv. 


inches over the top of the model, hut left a berm of 8 inches, as 
in fig. 1. ill ifllis case the slabilit) of the profile proved to be 

8« lbs. ^ ' 

. Fifthly, we raised shingle over the model to the heiglit of (>0 
indies, without a bemi, as in fig. m, and found that the stability 
in this case was lbs. 

Sixthl}, we raised the shingle, as in the preceding experiment, to 
the height of 60 inches, but left a berm of 8 inches, as in fig. n, 
which being done, the st.ihililv of the profile pro\ed to be 80 lbs. 
(For the last-mentioneil Eiperimenhf see Tab. III. Erps. 72, 73, 
74, 75 a)id 

We then tried the sloping model, whose height was 2(> inches, 
its mean thickness 8 inches, and its slope one-filth, under pre- 


* In experiment i, the weight of shingle actually supported bv and 
pressing upon the back of the model, ma} be estimated at 908 lbs.; but in 
experiment n, it ma> be estimated at t8Q0 lbs.: hence, as the model itself 
weighed only 864 lbs., our supposed revetment was loaded, in one ease, 
with about 2{ times its own weight of shingle, and. in the other, with more 
than 18 times its own weight of shingle, and >et in both cases its stability 
proved much greater than it had been before aii} pressuie whatever was 
applied to it; and in both cases, too, the stability was ioiind to be equal, 
although the pressure of the loose material, in the one ease, exceeded that 
of the other in a live-fold'ratio. The abn\e results expose, in the strongest 
light, the \er) erroneous nature of the commonly received hypothesis, ae- 
eording to which, the profile, n, as compared with the profile, i, ought to 
have bad no stability whatever, unless the dimensions of the supposed r&* 
vetewnt bad been increased in proportion to the excess of pressure. 

Aceonling to Vauban's rule, for example, which was before statedin page 
59S, whatever thickness might be proper for the supposed revetment, used in 
fig. i, that thickness ought to have been increased by one fiHb part of 60, in 
order to prodoee a profile proportionally strong, for the partially reveted 
fignrea, m, and n. Conseip.ieiitly, as the model, i, has a mean thickness of 8 
inches, the model, n, ought, by the above erroneous hypothesis, to have 
bad a mean thickness of no less than 30 inches, in order to possess a 
stability equal to that of the former. 
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cisely the same circumstances as the last, and found the following 
results: 

Its stability uithout shingle proved to be 85 lbs. ^ ^ 



Its stability, as a counterscarp revetment, as in fig. o, proved to 
be 77 lbs. 

Its stability, nith 30 inches of shingle over it, and no berm, 
as in fig. p, proved to be 60 lbs. 

Its stability, with 30 inches of shingle over it, and a berm of 
8 inches, as in fig. <], proved to be 6S lbs. 

Its stability, w ith 60 inches of shingle over it, and no berm, at 
in fig. r, proved to be 64 lbs. ^ 

And its stability, with 60 inches of shingle over it, and a berm 
of 8 inches, as in fig. s, proved to be 65 lbs. (See Tab, III. Exps. 
62, 63, 64, 65, and 66.)* 

We next tried the leaning model, whose height was 26 inches. 


* As a second example of the gross practical errors, to which the common 
hy pothesis of the pressure of earth upon revetments may lead, 1 shall re¬ 
mark, that if the dimensions necessary for a partially reveted profile, such 
as s, having a berm equal in width to the thickness of masoniy, had 
been calculated according to the theory of Professor Muller, the sloping 
model used, instead of 8 inches, which proved to be sufliciently strong, 
ought to have bad a mean thickness of idiout 40 inches, which is morn 
than times its height; and, in addition, it ought also to have had oonn- 
terforts, inches long, and placed at central intervals of four tiOiM fibeir 
width apart. (See Muller's Practical Foiii/Seaticn, Section 1.) 
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Ms horizontal IhicVness 8 inches, and its slopes equal to one-fifth of 
the beigbt„Jil|^ found the following results: 

Its stabil^ without shingle proved to be 86 lbs. 



Its stability, as a counterscarp revetment, as in fig. t, pioved to 
be 110 lbs. 

Its stability with 30 inches of shingle over it, aiul no berm, as in 
fig. u, proved to be 67 lbs. 

Its stability, with 30 inches of shingle over it, and a benii of 
8 inches, as in fig. v, proved also to be 67 lbs. 

Its stability, with 60 inches of shingle ovci it, and no berm, a«i 
in fig. w, proved to be 68 lbs. 

And its stability, with GO inches of shingle over it, and a bn in 
of 8 inches, as in fig. x, proved to be GCJlbs. (See Table III. 
Brps. 67, 68, 69, 70 and 71.) 

From tlic above experiments, with the larger kind of models, 
that have last been described, we concluded, that in walls without 
counterforts, whose mean thickness is equal to four thirteenths of 
die height, the rectangular piofile is strong enough for a counter- 
flcarp or gorge revetment, or for the retaining wall of a whaif, 8cc. 
bat that it is too weak for the scarp revetment of a w ork of forti- 
ficaTiooj whilst by reason of the great additional strength, prvHluced 
.by slopes of one fifth, the otlier forms that have been taken into 
consideration, namely, the countersloping, sloping, and leaning 
profiles, of the same cubic contents as the former, arc each fully 
ttrong enough, not only for countciscarp or gorge revetments, hut 
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also for demirevetments or partial scarp revetments, havii^ earthen 
slopes of any given height, whether with or without avl^rm, above 
the masonry. 

Having thus ascertained, that the first set of models were too 
weak to represent a well proportioned revetment, and it appearing 
probable, that the second set might be stronger than was abso¬ 
lutely necessary for that purpose, we next tried a third set of 
models, also 20 inches high, but having each a thickness or mean 
thickness of G inches, so that they were exactly of a medium size 
between the two kinds, that have been already desciibed. These 
Mere also rectangular, coiintersloping at one fifth, sloping at one 
fifth, and leaning at one hfth. Afterwards, in order to ascertain 
the difference of stability that would be caused in the several 
sloping profiles, by diminishing the slope from one hfth to one 
eighth of the height, we had other models made according to the 
lust mentioned sl(>{>e, but corresponding with the former models in 
height and mean thickness. Lastly, to each of the several models 
that have been enumerated, we fixed a couple of rectangular coun¬ 
terforts, made of the same materials as the models themselves. 
These Mere all 26 inches high, and generally 4^ inches wide, and 
placed at central intervals of 18 inches apart, and w'ere likewise 
generally, but not always, equal in length to the mean thickness 
of the model, to which they were attached; so that the weight of 
the counterforts, added together, was, in most cases, one fouith of 
the weight of their supposed revetment. The stability of each of 
the new profiles Uuis formed, was also tlied with shingle, at various 
heights, both with and without berms, in the same manner, and 
under the same circumstances, as the former. 

In order to enable the reader to form a clear general view o| (he 
results, obtained by the numerous experiments alluded to, widi- 
out fatiguing his attention by a detailed statement of the whole 
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ot them in wcurds, I have tliroun them into tiie form of tables, 
each expen|^t being numbered for the sake of reference. The 
cohimil in ^h table, >vbicli marks the height of shingle or earth, 
denotes the said height, as measured above tlie top of the model, 
4Nr supposed revetment; so that when no number is placed under 
that column, it implies that the shingle or earth is raised to the 
level of the top of tlie model, which according!} will, in this case, 
represent a counterscarp revetment; but if there shoidd be any 
number w'ritten under that heading, with tlie negative sign — 
prefixed to it, it implies that the shingle or earth is so inucli lower 
than the top of the model. Tlie berm, when such appears, in any 
of the experiments, is always supposed to be equal in width to tlic 
thickness or mean thickness of the supposed revetment. When, 
in any particular experiment, no number is written beneath the 
column of stability, it denotes, tiiat the model fell, under the cir¬ 
cumstances stated ill tiiat experiment, by the pressure of the shingle 
s!one, without any weights being used. Hiose numbers in the 
fables, wbich denote weight or stability, are all in pounds: the 
dimensions are in inches. 

Having premised so much in explanation of the tables, I shall 
now proceed to lay the first course of experiments, that were made 
with shingle, before my readers. They are as follows: ♦ 


* An idea also occurred to us of trying experimeots of a similar nature 
V till small shot; but on further reflection, we judged, that such experiments 
moM not lead to any useful pllu;tical result, because that material is mnch 
imner, ttan any that can ever possibly press upon a real revetment. M>, 
fherefore, in conducting our general course of cxjieriments, pitched upon 
:.;.)nglc and^ rammed earth, as the two extremes; the former being the 
f and Hie latter the most tenacious kind of soil, that can occur in 
lerttl practi^. 
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TABLE HI. 
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TABLE VI. 
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that it seemed to be fully proved by the abote 
a mean thickness, equal to four thirteenths of 
laas greater than could be required for revetments in 
I ‘afterwards, with a view to render our course more com- 
^l^jlate, bad three additional sets of models niatie, more substantial 
^oven than the said proportion, each of vrhich was, like the former, 
inches bt^, but of abicb one had a mean thickness of to 
incbei, «M>tber'had a mean thickness of 12 inches, and the thiid 
nuean thickness of 20 inches. 

On trying the two first of these new models witli shingle, in the 
manner before described, we found, that there was nut, by any 
IlinanSf that general coincidence and regularity, in the various re- 
^'inita wdiich had been remarked in our fonner experiments. But 
ilviien we came to try the diird and largest model, alluded to, the 
we^t required to overset it, under precisely the same circnni> 
stances, varied exceedingly, in our diderent trials, the difference 
'smnetimeabeii^ not less than 100 lbs. so that it was impossible, 
in any particular experiment, to choose a satisfactoiy mean number 
to eaepreas the average stability; and independent of this kregu- 
baity, there was another peculiar circumstance, equally unsatis* 
Ihctoiy, attending these new models; namely, that they did not, 
like the former ones, gain in stability in proportion to their mean 
iSiickness: so that, aldfough the 8>iiich model had exceeded the 
(&4uch model, and the latter had exceeded the 4^iiicli model, in 
jiroportional stability, the 20-inch model did not exceed the 12- 
mdi model, nor did it even exceed the 18-inch model in propor- 

ftifew Uiids with the 20<anch niod^^ the cause of this 

i** .*'■ I >ri ffi.flil)!*!' , '•» , , ' i ,5 

,5 ft filtiklif jiii f* i‘ ‘ * • I. ^ t ? '• ■ ‘ 1“ , 'I ' 

,, ^s ikk Ilhqye jlrrcgiilari^^, I sliaU rewirk, .lbat»,»n wr various 

radkea with sniopet so as to represent counterscf^^ r/^^etmeilti^ die ^ipcli 
' BMidcl lost idHHit fiMWififUis of its original stability ; the O-ineb model lost 
iMmwI <Hie thud of its original stability; the a^nch. model lost about om 
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irregularity waa diacovered; for we observed^ that 
to move at top» which had always beeo the first appanpt 
produced by the action of the scale and weights upon one ongtnd 
small models* this laige one would usually slide forward* mesre 
or less» upon its base; which mevemeiit necessarily produced a 
proportional change in the quantity of the supported mass of 
shingle; so that, in the act of oversetting, the model was»eipOaed 
to a variable and uncertain psesstire of that material, qot tp a 
nearly uniform one, as appeared to have been the case, in th^ 
exp(‘rimeiits tried wiUi the smaller modeb* 

Now ns actual revetments cannot possibly slide forwards, wifii* 
oat falling, unless the foundation b excecdii^ly bad, in which case 
due precautions eitb^ are, or at least always ought to be, tak<m to 
preveut this movement; it appeared to me, after proceeding so fiM, 
that our experiments with shingle would not be conclusive, unless 
sinular precautions were taken to prevent all such of our modds, 
as had that tendency, from sliding upon their base. 

h'or this reason, 1 caused the whole of the experiments, that had 
been made with our three large models, to be tried over a^un, 
pieviously nailing down a thin wooden batten, resembling a com¬ 
mon fiat ruler, upon the plane on which tliey stood, llie sectioa 
of the above batten was nearly in the fonn of a wedge, the edge 
of which came in coiitaa with the front of the base of the sup- 


tentli of its original stability; but the 10>inch model loft no stability. So 
far our experiments appeared to take a regular course, and from these data, 
it Was reasonable to expect, that the IS and SO^ia^ models weuld have 
gained stability by being used as counterscarp revetments, instead of wluchi 
tlic average stability, even oftlie latter, on being backed with shingle to the 
proper height, was less, by about one twentieth |Hwrt, than its ijiverage 
stability bdibrb kny shingfe was applied. A similar irregufaftty Kras oh- 
st^rvable, on oslhg the several coilntersloliitig models of tho sai^ 
klohs, In a ibtiUar manner. 
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poatd and was of such inconsiderable diickness, that, 

avhflat il pvavenled the model from sliding as retjuired, it did not 
doDHttib the height of it above one eighth pert of an inch. When 
llda was done, we found, that the results of tlie new cxperiinents 
'^^fned with our large models were no longer irregular and unsatis- 
hKtory as before. 

Afterwards, I caused such of the smaller models, as had cither a 
slope, or a counterslope of one fifth, also to be tried a second 
time with shingle, using the same precaution which has just been 
described, to prevent them from sliding ; for, aiihough we had not 
actually observed any movement of that nature, in the course of 
aur former experiments, I conceived il possible, Uiat it might 
have taken place in a small degree, and yet eluded our notice; 
iputicularly as our attention had not been at all directed to ascer¬ 
tain this point, for we did not apprehend, on commencing our 
course of experiments, that any irregularity was likely to arise 
firom it. But wliat is remarkable, on using the battens, in front of 
die smaller models, instead of causing a greater unifitmiity in the 
results, a contrary eilect was produced. For in all our small 
models, whose mean tbickuess was less than one fourth of tlieir 
height, when tried as partial scarp revetments, without counter¬ 
forts, with the shingle raised 30 or 60 inches above the top of each, 
the results of these new experiments were more capricious even 
tfem tlie former ones, since, in some cases, the same model would 
appear to have considerable stability; in others, little or none. 
.But when used as counterscarp revetments, without counterforts, 
.Faults vvere always sufficiently regular and satisfactory, not 


the larger models, but also in such of the smaller ones, 
Hrfaose 'haean thickness w'as not less than one fifth of their height. 
Below that proportion great irregularity was observable in the sta- 
bilhy of our suMdl niodels, even when used as counterscarp revet- 
meMsi without tdiingle being applied higher than the top of 
diem. For the irregalarities that have been stated, as well as for 
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; 

Others, in the new course of experiments, which in 'Cases 
mav appear very extraordinary, I shall not attempt to account. It 
may be observed, however, that i have had them in view, in after* 
wards ftaming tlie general rules for the dimensions of scarp and 
counterscarp revetments, towards the conclusion of this chapter, 
in which 1 might have recommended rather tliinner profiles than.I 
have actually done, had the results of those experiments, fiiat were 
tried with the small models, proved less capricious and contra¬ 
dictory. * 

The new course of experiments with shingle, which was con- 
dui'tcd in such a manner that the models could not possibly slide 
forwards upon their base, shall now be laid before my readers, in 
the same clear and compendious form of tables, which has been 
already adopted. *^111118, having a complete and faithful account of 
the whole process befoie hiiu, an intelligent reader may, froA 
thence, draw his owm conclusions as to the proper form and 
dimensions of a revetment for any given purpose, if he should not 
be inclined to adopt the rules deduced by me from the same 
experiments. 


* As our cx[>orimouts, tried with the same models and under the same 
circumstances, ui'toii yielded discordant results; — if any other person were 
hereafter to undertake a Rimilar course of experiments with shingle, it 
is not to be expected that these should exactly coincide either with 
each other, or with those that are recorded iu this book. But it may be 
remarked, that if a ccitaiu mean thickness is given to a model of any 
description, its stability, w'lien loaded with shingle, will always bear k 
considerable proportion to its original stability without shingle; so that, fiv 
example, iiltbough the results of various trials may widely dUfer aiomigrt 
themselves, yet in none of theifi shall the stability with shingle be^eu than 
three fourths ur two thirds of the original stability. When sudi is 
in any model, It appears to me sufficiently to prove, that If 
portioual mean thickness is given to an actual revetment, it 
addition of counterforts, have ample stability as a retaining waU, 
hir civil ur military numoses. 




^ FOliTlFfCATlpN. chaf.xxv. 


TABLE Vm. 











































EXPERIMENTS ON 


TAIil.E IX. 



No. of the Experiment 




























































jw Ei^MrznrrARY fortification, chaj. xxv. 

' TABLE X. 

































EXPERIMENTS ON REVETMENTS. 
TABLE XL 


Models batlcned 
iti front. 


Countersloptii'j 


Sloping af ^ 


Counterslopins ^ 


Sloping at 


Counterttloping*,. 


Sloping at ». 


M'ithout Shingle. 
The Kevetuicut’s 


Countcrsloping^. 


r. 

ar 

= t 
c ^ 

*3i 

f 


12 

3t(5 ^ 

( 

20 

910 1 

( 

i 

20 

910 

8 

728 

8 

V. 

728 

r 

1 

lOf 

946}^ 

lOf 

946}^ 



W lib Shingle. 


Stability in 
Trials, 


InI. 2d. 3d. 


(»() \i» 

OO \ C.S 


24 \o 
Ui Yes 
Ve.s 
Yes 


'2tt0 o21 

.‘iH 2H7 
,’2a J22 

J70 2o7 ' 

Sj.) 2^3 

lol 310 
013 02Q 
4»2 lt>3 
057 037 
400 4H2 

350 317 ! 

727 735 
6H5 373 I 
734 029 I 
015 573 

45 45 . . . 

O 0 . . . 

13* 14| 13 
0 . 

0 ... ... 

0 0 0 

103 99 94 

34 31 37 

66 73 TO 

56 57 35 

76 82 76 

64 61 67 

281 361 43| 
79i 74i 65i 
45f 801 


YesB 83} 84} 


No. of the Experiment. 



































ns ELtBlfiMllftltY FORTIFICAtlON 


CllAl'. XXV 




TABLE XII. 


t « ■%« 

, j{ JlH ' ' 

i ► . 

Without Shingle. 

With Shingle. 

s 

^ > 

1 . 

The Reietmeni’s 

i: 

be 





w 

Models battened 





c 

S S 

Stalling 

in 

1 .< 




• 

■S 

M 1 





in front. 

ja 

« 

M 

'S S 

2 

= •= 
IC 

X 

c 

.^4 b 

III 

Trials 


c 

i 


'5 

» *■ 
S 

•5 u 

tr 

*5 

s 

=«: 
•“ s 

5-S 

X A 

1 ■' 

** 

mm 

mkrn 

e = 

SMI 

iHt. 

1 

2(1. 

.3d. 

C I 

1 

V 

Z' 

4 




r 

1 122 

m 

• • a 

! 17* 

20 i 

18! 

‘S.'iO 





j 12.? 

IQi 

No 

‘ 0 

0 


.ill 

I^tangular. 


12 

1092 ' 

! 122 


HI 

i ^ 



.i.i8 

* 


13.50 



i 

1 124 


BBS 


0 

. . ■ 




( 

I2J 

1 

1 



• 4 • 


.800 




r 

205 

1... 

• • • 

170 

171 

188 

ISOI 




\ 

1 209 

KTT 

No 

9(1 

03 

12'» 

302 

XeaDiDg at |. 

52 

12 

1092 < 

227 

30 

Yes 

101 

127 

138 

,jr(3 



i 


60 

No 

69 

06 

111 

9.364 




1 

231 

60 

'les 

KKi 

101 

118 

‘)65 





* 250 

• f • 

« ■ « 

21(» 

182 

184 

.360 





1 248 

30 

No 

131 

1.S9 

125 

.167 

Sloping at 

52 

IS 

1183 < 

' 256 

30 

Yes 

176 

IhU 

178 

308 



/ 

262 

60 

No 

124 

117 

125 

300 




V. 

269 

60 

\ es 

202 

100 

199 

370 

1 





! 168 

* • 


U>0 

168 

185 

.371 




s 

! 168 

30 

No 

78 

lul 

107 

37 2 

Countendoping^. 

52 

13 

im/ 

i 

157 

167 

30 

60 

1l <*.s 
No 

148 

l.-iO 

160 

1 1.3 

125 

1.30 

.373 

1.374 





160 

m 

\ es 

181 

165 

158 

375 

1 




c 

1263 

9 9 

• * • 

1158 

1086 1218 

:.376 1 




\ 

1263 

52 

No 

105(< 

1016 


377 


104 

mA 

53C3-J 

1280 

1345 

52 

104 

^ es 
No 

1183 

1151 

I064|1176 

1070'l0i6 

378 

379 




t 

1325 


Yes 

1294 

1280 1322 

m 




r 

734 

• • 

s • • 

120:' 


181 

• 

104 

* 

*(A 

5363 < 


52 

52 

104 

No 

Yes 

No 

1068 

1182 

1003 

1010 1075 
1189*1042 
95611045 

382 

.383 

384 

> 

—T-- ‘ , . 


t 1 

1 

756 

104 

Yes 

■ 


I070'l098 

1 

385 


No. of the Kvperiincnf. 





















































EXPERIMENTS ON REVETM^TS. 






bRltciicdj 
iii lioiit. 


$lopin!» at J. 


jCuuntcrslupiugl. 


Sloping at 


CouutcrUoping^. 


Sloping at 


Counterslopiag^. 


TABLE Xni. 



No.'«f the Kxperimeiitr 



































































J 90 ELmiMmARY FORTIFICATION, chap. xxt. 


^ Hie of the experiments contained in the above tables, 

fttllj provii die correctness of the.new principles laid down by me, 
1 l|K^ dMi tlieor^ of revetments, as far as regards the general action 
mass of loose cartli, supported by any profile. But 
f llidi respect to tlie precise effect, produced singly by either of the 
' CiMaipoaent parts, such as die upper and lower portions, Into 
which die said mass may be divided; as that may still appear u 
matter of doubt, I shall now proceed to state the nature of some 
addidonal expeiimeiits, which were tried for the purpose of iuves* 
tigatuig diis part of the subject. 

^ We first took the 4«tii€h model, sloping at one fifth, and *2Q 
iodKS high, and hacked it with shingle, in the manner represented 
m.tihe annexed %ure, A; heaping up that material, iu rear, to a 
level, equal to the height of the top, f, of the OKMlei, but taking 
cure to raise it, in front, no higlier than the point o, which is only 
6 indies above the base, i e. 

By diis arrangement, the dotted line, i o, produced, was made 
to emneide with the natural slope, o d, of the upper portion of the 
supported shingle, so that the shingle pressing upon our supposed 
revetment, A, in this peculiar case, exactly agrees with what 
would have been the lower {lortion only of the total mass of 
shingle, acting upon the same, if it bad been backed with tliat 
material, as a counterscarp revetment, in the usual manner. 

On trying the average stability of our d-inch model, thus 
partially loaded with the mass of shingle, eodnm, acting upon 



iM lower pait of k mAy {See Jig, A), it proved to be dl| lbs. 
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which exceeds what had been the original average 8tabiik3^ ^ 
s. me model, before any shingle ww applied to it, by 7 ttrii 

Afterwards, by increasing the quantity of shingle, ptesfliiaf:>. 
upon the same 4>inch model, by backing it to the continued bori*'' 
zontal level, f d n, so as to represent a counterscarp revetihent, at 
shown in figure B, we found that its average stability beetni# 
equal to 10^ lbs. only. Now, this diminution of stability^ in our 
present experiment, \^hen compared with the farmer one, mfoat 
necessarily be ascribed solely to the additional triangular mass of 
shingle, o f d, which acts upon B, but not upon A, and which 
constitutes the only difference betW’een these two profiles. Hence, 
on dividing llte mass of shingle, supported by the 4-mch model, 
considered as a counterscarp revetment, into two portions, aft 
upfH'i' and a Imver one, in the manner before explained, the first 
of the above experiments may be allow'ed to prove, that the lower 
poition, c o d II in, tends solely to stabilitate die supposed revet* 
ment, whilst the results of the first and second exjperiments, com¬ 
bined, prove, ill a manner no less satisfactory, that the upper 
portion, o f d, of the supported mass, tends to W'eaken the sup¬ 
posed revetment. And the diminution of stability, occasioned by 
the said portion, o f d, acting upon our 4-inch model, in experi¬ 
ment, B, may, of course, be estimatediat 21 lbs.; this being 
equal to the difference between the two numbers, 10| and 31|, 
which represent respectively the stability of profiles, B and A.^ 


* Another mode occurred of eiideavoiiriog to ascertain the action of 
the upper portion, o f d, by experiment, which was to place a sloping board,' 
in the position, o d, to bound tlic shingle in rear, and thus to apply ft 
mass of shingle, o f d, to the upper part, o f, of the back of the supposed 
revetment only, leaving tbe space, c u d u m, behind and below the board,o d, 
entirely vacant. Bui, on further consideration, we rejected the mode, now 
alluded to, as being less likely to prove accurate than the famer; beoanva 
the interposition of a solid plane of woodwork, such as tho board, • d* 
would evidently prevent the mass of shingle, ofd, from exerting Hsnntiiml 
action, in any direotion, fidlivg wityn the lower part, • o, of tho bMdt of 
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.^v.! tried siiiiilar exiierinieiiUif succeasiveiv, nitfa tlie 

models, of die same height and exterior slope, but of 
thickness, and raising tbe^ shingle above them to a 
height; from all of which we obtained the same genera) 
Jlialt^^.namelv, that die lower portion of the supported mass of 
Ipcii^,earth, acting upon a revetment, docs in all cases add sta- 
l^ty to it, whilst the upper portion of the supported muss, wlieu 
. auch there is, in any prohLe, appears always to weaken it, in a cer- 
tt|in degree. But to relate the whole of these trials would be 
irap^uous. Two more of Uiem only shall llierefuie be stated, 
l^kh will suffice for the purpose of illuHtration. 
pn trying the (^inch model sloping at oue lifUi, and ^(i inches 
when backed witli the mass of shingle, e f h n ni, as shown 
figure C, heaped to tlie heiglitof 60 inchea above the top, f, of 
.|iie model, widi a berm equal to tlie Uiickuess at top of the sup- 
|>osed masonry; the average stability of the profile pro\ed to be 
39lbs.; but wlten the same model was backed with the lower por¬ 
tion, e o k n m, of die said mass only, as shewn in figure D, its 
average stability proved to be 57 lbs. Cousequeully the diminution 
f C stability, occasioned by the upper portion, o f li k, of the supported 





fiM' lu|)|i(iati(il; whereat, in real practice, no sneh obstacle is over 
SHCd, iw tfistdie aiiMV part of die supported mass, presditg upon an ac- 
rtvetmie^ is to exert its natural action in all possible direo 

tlim^ Ikvonndile, m vfett as unfavourable, to stability. 
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earth, acting ti[K>n our 6>itich model, in the former eYpefitnent, 
C, may be estimated at 18 lbs.; this being equal to die d$fihl4ltbe 
between the numbers, 57 and SQ, which represent respehdiMiy 
the a\erage stability of profiles, D and C. ‘ 

In like manner, on afterwards trying the 12>inch idopidg model, 
of the same slope and height, under the circumstances last de* 
scribed, its average stability as a partial scarp revetment,' when 
backed with shingle, in the manner sbowm in figure C, proVfedto be 
181 lbs.; whilst its average stability, when backed with the loleer 
portion of the same irass only, as shown in figure, D, proved equal to 
185 lbs.; HO that the ditFerence, 4 lbs., may be assumed as the average 
value of the weakening power of the upper portion of the sup¬ 
ported earth, acting upon the 1'3-inch model, in the former case. 

* Now, as the original average stability of each of the above three 
profiles, namely, the 4-incli, the 6-inch, and the l^inch sloping 
models, w*as equal respectively to 24} lbs. 47 lbs. and 181 lbs* 
before any shingle was used, and as the average value of the weaken¬ 
ing power of the superior portion of thd supported mass, acting 
upon each, when backed with shingle, the first in the manner re¬ 
presented in figure B, the two others in the manner represented in 
figure C, has just been shown to be equal respectively to S1 lbs. 
18 lbs. and 4lbs.; hence it follows, that in the 4-inch model, the 
weakening power of the upper portion of the supported mass was 
equal to about -^ths of the origiual stability; in the d-inch model it 
was equal to about fths of the original stability; but in the 12-inch 
model, it was equal to about ^^^th part only of tlie original stability. 

Upon the whole, tlierefore, it appears, that although the upper 
portion of the supported mass of loose eartii, pressing upon any 
revetment, always teuds to weakeu the pro61e more or less; yet 
that the said weakening power, vrhich in profiles, sloping at one 
fifth, whose meau thickness is less than three thirteenths of tbw 
height, is very considerable, gradually diminishes, in propoftton 
as any addition is made to the mean thickness ; so that in aimilar 

VOL. 11. g g 
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profiles, whose mean Uiickness is equal to six thirteenths of the 
height, the said weakening powei becomes altogeliierincciisuierable 
and HH^gnifiicaot, not exceeding on an average about one fort^-fifth 
piert of die original stability. And yet, e\eii in cases in uhicli the 
Ip^aheoii^ power of the upper portion of the supported mass is so 
trifling, as has just been stated, the actual weigiit, wherewith it 
presses upon the revetmeut, ina) be ver) coiisideiabie, as was 
proved by the last-uicntioiied exfieiinieiit, tiled with the hi-iiich 
model, ill which the weight of the upper portion only of the 
supported mass of shingle was inoie thaii double the weight of the 
supposed revetment, as nia} easil) be ascei lamed by caiciilatioii. 

In reflecting furlhei upon the same experiments, now' under 
discussion, it wdl also be e\ident, that by mcieasiiig the mean 
dbickness of a sloping revetment to more tliaii six thirteenths 
cf the height, the weakening power of the upper portion of the 
supported mass of loose eaitli will also be diminished to less 
than one fort)-fifth part of the original stabilit) ; and tlius, by 
successively increasing the mean thickness of niasonrv, more and 
more, otlier particulars rcinaiimig the same, the weakening power 
of the upper portion niuv be more and more diminished, until 
at length it shall become null;—an eflect, which in sloping revet¬ 
ments, without couulerforts, ma) be expected to take place, when 
the base of llie luasunry is made equal to the height, or nearly so.’* 


• The effect of the weakening power of the upper portion of the snp- 
pofted uia'.s of iooae earth has I>ecu proved to he very incoiiMderaiile, id a 
revetment i>l<i|iing at one fifth, even when the base is not much more than 
half (be hoiglil, as is llic case in the 12-iiicb model. But when the base is 
made equal to the h* uj;ht. in an> slopiinr profile, the superior portion of 
the supported mass, v\cn although the Imisest possible material should be 
used, will be rit|ide almost entirely to disappear, and consequently its effect 
must he null, or nearl) so, aecnrding to the cireumstances before taken 
into cousideration, in treating of the first ease of revetments. (Seepage 
551.) In the SOdneb sloping model, however, whoso base was almost 
equal to nine tenths id its hoight, we found, by experiments tried alsw 
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After concluding our experiments with shingle, our next object 
was to ascertain the effect, produced upon the same models, 
the pressure of common earth. On trying our sloping and ICO* 
tangular proffles, as counterscarp revetments, by backing them widh 
soil of a middling tenacity, consisting of sand mixed with clay, to 
the level of the top of each, we found that no increase or dimi¬ 
nution of stability whatever was produced; for, at the small height 
of 26 inches, the earth, although loosely thrown up, did not exert 
any oblique or lateral pressure; but almost always stood perpeit- 
dicuiariy, in the form given to it by the back of these models, for 
some time after the latter were overset by means of the scale and 
weights. We were therefore obliged to desist from making any 
further experiments with common eartli; for, unless we had used 
ver> unwieldy models of at least three or four times the height 
above mentioned, in which case the earth would no doubt have 
had a certain pressure, it appeared sufficiently evident, that no 
useful conclusion could be expected. ^ 

We next tried the effect produced upon our models by back¬ 
ing them with earth of the same quality, that has just been 
described, but well rammed, so that it became capable of stand¬ 
ing perpendicularly, or even in an over-hanging form, for a per¬ 
manency, and acquired a weight of about 99 lbs. per cubic foot. 
Great care was taken, in the experiments, now alluded to, that die 
degree of tenacity, communicated by the process of ramming, 
should, in all cases, be as nearly equal as possible. 

On trying the rectangular model, whose height was 26 uicbea, 


under the circumstanres represented in figures, C and 1>, that the apper 
portion of the supported shingle still appeared to exert aoipe d^rte of 
weakening power upon the profile, but so exceedingly inconsiderable, that 
we could not reduce the results of our various trials, which were in some 
casea contradictory, to any satisfactory average conclusion. 

C g 2 
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•od thickness 8 inches, as a counterscarp revetment, with rammed 
tarth, as shown in the annexed figure A, its average stabilitjf proved 
to be60lhs.; and its original average stability without earth, being 
47lba.; it follows, that the additional stability gained in tliis pro* 
bj reason of the rammed earth, may be estimated at 13 lbs. 

Hie stability of the commuii sloping model, whose height 
was 26 inches, mean thickness 8 inches, and slope Jth, was S3 lbs. 
without earth ; but ou backing it with rammed earth, to represent a 
counterscarp revetment, as sIiowh in figuie B, its stability proved 
to be 97 lbs.; so that tlie increase of stability, ia tins profile, pro¬ 
duced by means of the rammed earth, appeared to be 12 lbs. 

The stability of the countersloping model, whose height was 26 
inches, mean thickness 8 inches, and slope I, was 3 i lbs. without earth; 
but on backing it with rammed eartii, to re|>resetit a counterscarp 
revetment, as shown in figure C, its stabibty proved to be 131 lbs.; 
so diat the increase of stability, in this profile, produced by means 
of Idle rammed earth, appeared to be no less than 7S lbs. 



The reason of tlie superiority of strength, which it was thus 
proved by experiment, that the countersloping profile, C, possesses 
4>ver the rectangular and sloping profiles, A and B, of the same 
height and mean thickness, when they are all backed with earth of 
a tenacious quality, will be sufliciently obvious, on considering the 
nature of the movement, which must be performed by each of 
these respective models, or supposed revetments, in falling. When 
tba countersloping model, C, for example, oversets, the heel of 
it, g, describes an arc, g f, upon the center, a, which cuts into the 
mass of rammed earth behind it, so that the fall of the model 
cannot be effected, without violently separating or tearing asunder 
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a certain portion of the staid mass, from the remainder of it; and 
accordingly, it may easily be conceived, that the tenacity of the 
when considerable, must necessarily oppose a proportional reiis- 
tance to the supposed movement.* The increase of stability, 
added to our countersloping model, in consequence of the above 
resistance, may not unaptly be compared to the security, afforded 
by good holding ground, to a ship at anchor. 

With respect to the rectangular and sloping models, A and B, 
on the contrary, it is evident, that when they fall, the heel of each, 
b, describes an arc, b f, from tlie center, a, which does not cut 
into the mass of earth behind, nor does any other part whatever of 
these models cut into the said mass, in oversetting. Consequently 
as no portion of the rammed earth is to be torn asunder, whilst 
this movement takes place; it is evident, that the additional 
stability, which appears by the experiments to have been gained 
in profiles, A and B, when used as counterscarp revetments, must 
be usci ibed solely to the friction arising from the rough surfaces 
of the back of each model, and of the earth in contact viith it; 
being made to adhere together, in a certain degree, by the process 
of ruinining. 

We further found, in using rammed earth, that whenever a berm 
was left, equal to the thickuess at top of the model, no difference 
whatever was produced in die stability of our proHles, by raising the 
earlli to any given height, above the supposed revetment. Thus, 
for example, the stability of the rectangular profile, in the annexed 


• A sirniiar effect must take place, to a certaiu degree, even in shingle 
or loose sand ; for, in the failuf aii) countersloping revetment, backed with 
these materials, the heel of it must necessaiily force upwards some portion 
of the supported mass, the weight of which cannot fail to oppose a certain 
resistance to the supposed movement. This consideratioa accounts for tba 
additional stability often commiiriicated to this kind of profile, in our experi¬ 
ments with shingle, in cases, in which we found, that the sloping model of 
the same height and mean thickness lost stability, when backed with the 
same material and under the same eircuinstances. 


«98 ELEMENTARY FORTIFICATION. CHAP. XXT. 


%|are» D, proved to be, in ail canes, precisely die same, whether 
it waa backed with rammed earth to the lieight, a c, only, so as to 
idpreseirt a counterscarp revetment, or whether it was backed with 
ihtfilMHn substance to any much greater height, such as b d. 




In bgore £, on the contrary, in which the earth is supposed to be 
laiaed to a oertain height above the top of the model, without any 
berm, it will be evident, that if the model is overset in the usual 
manner, die back of the top of it, o, will from the centre, m. 
Inscribe the arc, o i, cutting into the superincumbent triangular 
mass of earth, n o f, so that a certain |M)rtion of this mass must 
TOcessarily be separated from the remainder of the earth, during 
the fall of the supposed revetment. Accordingly, we found, that 
the stability of the rectangular model, whose height was 2(3 inches 
and thickness B inches, w'as equal to 159 lbs. when used as a par¬ 
tial revetment for rammed earth without a berm, as shown in figure 
jE, although its original stability before the cailli was applied to it 
bad only been 47 lbs. We first tiied this experiment with the 
earth raised to the height of 8 inches only, above the top of the 
model, that is to say to the level of the point, f, and such was the 
result obtained. On raising it afterwards to a much greater heigiit, 
such r s, no increase of stability whatever was produced, 

because after tearing off the greater part of tiie right angled 
triangle, ti o f, whxh die model usually docs in oversetting,* the 


* Contrary to our expectations, a e foinifl that the back of the mass of 
rammed earth, tom off by the top of any of our mudds, did, in general, 
more ueaity correspond with the line, o f, than with the curve, u i. 
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i^mainder of the mass of rainined earth behind and above the line^ 
o f, remained alvvavs perfccti)' hrm and without action, no mat tfr 
how great the height of it might have been. 

Having sufiiciciitiy ascertained tiie action of rammed earth upoii 
our models, under the various circumstances that have been 
described, we next tried them with foundations of two inches of 
rammed earth in front of them ; iirst, witii the rammed earth in 
rear also raised no higher than 2 inches above the wooden plane 
on whicii the models stood, in the manner shown in the annexed 
figures, F and G ; afterwards as revetments, in the manner shown 
ill figure H, with the raiuined earth in rear, laised sometimes to the 



level, in ii, to represent a counterscarp revetment, and sometimes 
to a higher level, o p, to represent a partial scarp revetment without a 
berm. The rammed eailh, loimmg the small foundations, was 
secured in fiont, by applying saiul-bitgs, as shown in die figures, to 
prevent it from being forced forwards. 

These small foundations gave great additional stability to all 
oui models, not excepting even the rectangular one represented 
in figure G ; for w hen this model falls, it is evident, that the heel 
of it, c, describes an arc, not from the point, a, as a center, as 
was the case in our former figures, in which the same pro¬ 
file was concchied, but from the point, b, with the radius, b c, 
which must necessarily cut into the mass of rammed earth, in 
rear of it. Accordingly, we found, by experiment, that the rec¬ 
tangular model, whose height was 26 inches and thickness 8 inches, 
acquired an average Stability of 85 lbs. in consequence of the two 
inches of rammed earth being applied in fkont and rear of it, as 
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ahown in 6gurn G, alUiougli ib original average stability had 
only 47 Iba. 

Tbct snuill model countersloping at one-firih, whose height was 
and mean thickness 4 inches, acquired a stability of 
; by having a foundation of two inches of rannned eartli, 
' 9M ^wn in bgure ¥, although its oiigiiial stability had only been 
lbs. 

The medium countersloping model, of the same height and 
counterslope, but vthose mean thickness was (i inches, acquired a 
stability of 99 lbs. iu consequence of a similar foundation, aidiough 
its original stability had only been ^9 lbs. 

And the large countersloping model, of the same heigiit and 
counterslope as tiie former, but v^hosc mean thickness was 8 
inches, acquired a stability of 104 lbs. in consequence of a similar 
foundation, although its original stability had only been 01 lbs.* 

Here it may be remarked, that the above experiments prove die 
very great advantage, which walls, built npuii soil of a tenacious 
quality, must derive from having fuimdatioiis of a certain depth. 
With respect to olTseb at the bottom of walls, it i.s sufficiently 
obvious, tliat, by augmenting the base, tliey must pruportioiially 
iucrease the stability of the masonry. In iiicio.siiig walls, such as 
tliose of gentlemen’s parks, powder magazines, dockyards, &.c. 
ibe thickness of which, as compared with their height, is iucon- 
aiderable, offsets on both sides aie of die most indispensable ueces> 
sity; and, in all cases, several successive small ones should be 
used, in preference to two or three wider ones. In levetments, 
properly so styled, offsets, near the foupdation, may be omitted 
with lets prejudice to the strength of the profile; but still they are 


* It is proper to observe, that in our (irevious experiments with shingle, 
we also tried some of our models with and without foundations of two 
inches of that material, but in using so loose a substance, we f<»und, that 
tbcip smalifibuiidaUoikaiuadc l|tde or no differeace as to tb« stability. 
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useful, whether allowed in front or in rear, as they dannot fhH to' 
increase the stabilitating power of tlie supported mass of eartli.^’'' 
To return to our experiments with rammed earth; our Mil 
object was to ascertain tlie effect, produced by this material, upon" 
revetments with counterfoits. We first tried the common rectan¬ 
gular counterforts which we had before used with shingle ; but we 
soon found that our former mode of fastening them w'as, in thit 
case, insufficient; for the sides of the counterforts were SO fifbilj 
grasped by the earth, that they remained immovable, in an upiight 
position, whilst tiu' supposed revetment, that Ifad been nailed to 
them, was torn down by the action of the scale and weights. 
We, therefore, united the revetments and counterforts together 
by iron bolls of a proper strength, after which we proceeded 
with our experiments, without further difficultyFinding, in 
tlie course of three experiments, that the model, in oversetting, 
gencinlly pulled down with it the whole of the three contiguous 


* In foimer parts of this chapter, in treating of the action of loose earth 
upon a revetment, I judged it expedient, for the sake of clearness, to 
U'ave. lliv foundation ot the wail unnoticed, and therefore, in the variona 
cxplaiiator) hgures {such as that in payt 542) 1 estimated the lower portion, 
a g t'c, of ilu' Mippurled mass of earth, as being bounded in rear by a lino 
drawn from the buek (a) of the base (a d) of the revetment. But it will be 
evident, that as the foundation also must have its effect, the true position 
of the boundary Hue of the lower portion ought tu be in rear of a c, as 
the said lino should he drawn, not fVom the back of the base (a), but from 
that point immediately below it, wbieli represents the back of the foim- 
dutioii. lienee, the stabilitating power of the supported earth of each 
jirotile, commented upon in the text, is, in reality, greater than 1 have 
there thought it expedient to suppose. 

t It is proper to remark, that we were obliged also (o increase ths 
strength ol our ropes and pullies, and to suspend the latter4rom small gins, 
or triangles, erected for the pur}iuse, as the apparatus, before described, 
broke down, under the greater weights, which it was necessary to use, in 
our experiments with rammed earth. During the process of itunming, 
strong temporary props were applied in front of all our models, to prevent 
tte force in rear Irom throwing them out of their proper position. 
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Masses of earth, bounded in rear by a vertical plane, supposed to 
coinckle with the back of our two counterforts, it appeareii pro¬ 
bable, that this eflert, uhich, of course, must add grc^atiy to the 
itvength of a protile, in tenacious soil, might t ilher be much 
increased, or, at least, rendered more invariably certain, M'ithout 
•oj possible risk of failtne, by constructing novKi aii.ed coun¬ 
terforts, nider at the tail than at the root, tiic outliue of tii« 
plan of which is as follows 

. rnzjn 


I accordingly caused some of our counterforts to be fitted up in 
tiiis manner. Part of them,^hich were 4 inches long, uerc made 
inches wide at the tail, and inches wide at the root, their 
mean width being 5 inches: tlie lemainder, which were () inches 
long, were made 6 inches w ide at tiie tail, and 4^ inches w ide at 
tiie root, their mean thickness being inches * and the rt'sults 
of the experiments, made with these dovetailed counterforts, in 
rammed earth, answ’ered our expectations, they pruning generally 
to communicate rather more stability to the protiie than the rec¬ 
tangular ones, but not however in any very great degree; and the 
results, indeed, being sometimes rather contradictory, as will 
afterwards be seen. 

As it also appeared probable, that the great additional strength 
which our profiles with counterforts appeared to derive, in con¬ 
sequence of the cohesion of the rammed earth to the sides of the 
counterforts, might be much lesseued, by using diminished couii- 
terfosts, tike those of Vauban, instead of rectangular ones; w'e 
lastly tried diminished counterforts, exactly of the same dimensions 
as the dovetailed ones, that have been described, but being of 

* The chitted tines are added, to show the extent of those masses, which 
are tom off firom the remainder of the rammed earth, and adhere to the 
revetment and counterforts, in foiling. 
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oourse reversed, or wider at the root than at the tail. But here 
the result did not, by any means, agree with our previous ideas^ 
for die stability of this profile far exceeded our expectations, and 
indeed fell very little short of die former kinds, that have just 
been noticed ; that is, generally speaking, for in some paiticular 
trials, it exceeded them both, the results of all our experiments 
w'ith rammed earth being much less regular than those that were 
tried with shingle. 

As an example of the effect of diminished counterforts; on trying 
die slo|>ing model Q.6 inches high, and having a mean thickness of 
6 inches, and a slope of one fifth, with two couiiterfoits of the 
above description attached to it, each (j iuches long, 6 inches 
wide at die root, and 4^ inches wide at the tail, and placed at 
central inter\als of 18 inches apart, as shown in plan and secdon^ 
in die annexed figures; its stability, as a counterscarp revetnieiil| 
when backed with rammed earth, but without any foundation in 


/ 

Plan. Section, 

front of it {See the section) proved to be no less than S05 lbs, 
although its original stability had only been equal to 86 lbs.* 

Now it will be obvious, on a little reflection, and indeed almost 




* Wc tried many more experinionts with dovetailed and diminished 
counterforts, than ai tually appear in the following tables. I judged it 
useless to insert the whole of them, us they could only create confusion, 
for we found, that the diderence of stability, between them and rectaot 
gular counterforts, was in all cases trifling, and indeed the results oftea 
proved contradictory, as was before stated in the text 1 cimceive that 
the peculiar irregularity in the results of our experiments with rammed 
earth, may be ascribed to its Laving been difiicult or rather imposdble for 
the men employed, to communicate an exactly equal degne of tenacity to 
that substance, by ramming, in various trials. 
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on a men inspectioii of the hgurc.s, that tiie great additional stability, 
CCkinmunicated to the profile^ which ha.s just been described, in 
ctMisequeDce of the rammed earth, must be ascribed solely, as in 
1. case before noticed, to the power of friction; or, in other w ords, 
to the coheaioD of the rough surfaces of the rammed earth, and 
those of the supposed revetment and its counterforts, which come 
in contact with each other : for it must be evident, that in tlie 
falling of the model, as soon as the al>o\e cohesion is overcome, 
neither the revetment nor counterforts have to cut into or tear 
•sunder any portion of the rammed earth whatsoever, but on the 
contrary are immediately disengaged from it; and indeed, in all our 
experiments with the diminished counterforts, after tiie models 
were polled down by the action of the scale and weights, the 
nunmed earth was left standing, in the iirinest manner, with regular 
grooves, where the counterfort.*^ had been, so as to resemble a 
perfect mould of the back of the woudwoik. 

I before stated, that on trying the original stability of our va¬ 
rious models, before auy shingle, &c. was applied in rear of 
them, they were always observed to move, some time before they 
actually overset. The same circumstance also invariably occurred, 
in trying their stability afterwards as revetments, when backed 
with shingle or rammed earth, in our cxpeiimciits without coun¬ 
terforts, the we^ht which produced the first perceptible movement 
in the sloping and leaning models, generally varied fioni jds to 
iths, of the total oversetting w eight, and in some cases it even 
considerably exceeded the lattei proportion;’*^ whereas, in the 
comn^ countersioping models, used by us, which were plane in 
rear, tbe weight necessary for producing the first perceptible move¬ 
ment, varied from very little mure than ^ to about |ds of the total 
oversetting we^ht, very seldom indeed exceeding the last named 
prppoitioo. Having, however, afterwards, for the sake of expes 


' * It proved aoaiettoies equal to .^tbs of tbe oversettiog wei|bt. 
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rimerit, constructed some few countersloping models with 
in rear, we found, that in all of these, the \i'eight, which was iie-> 
cessary for producing the first perceptible movement, bore fully 
as great a proportion to tlie total oversetting weight as in any of 
the other profiles; and we further found, that each of these coun* 
terslopiiig models w ith offsets, required rather a greater weight to 
oveiset it, nheii backed with rammed earth, than was necessaiy 
for oversetting a plane countersloping, model of the same height 
and mean thickness, under similar circumstances; but that when 
shingle was used, tlie total weight requisite for oversetting the two 
kinds of coiiiiterslopiiig models, that have just been mentioned^ 
proved, in all cases, to be nearly equal. From these facts, I con¬ 
ceive, that the following inference may be drawn, namely, that 
no countersloping profile should ever be built without well sized 
ofisets ill rear, because although such offsets do not appear to add 
much to the. final stability of the wall, as far as regards its com« 
pitte downfal; yet it must be allowed, that they may tend very 
materially to prevent it front moving in a perceptible degree: that 
is to say, that they will pieverrt the masonry from bulging, over¬ 
hanging, or otlierwisc losing its proper shape, which it is well 
known that weak or badly constructed walls are apt to do, evert 
when they may not eventually fall down. 

Their gettcral nature having already been explained by a fevf 
examples, the various experiments made by us with rammed earth ^ 


* The orlgioal mean stability of the several models, before the rammed 
earth was applied to them, as given in Tables XIV and XV, is general^ 
such as was, when they were tried standing loose, as in the first seven 
tables. As there is often a considerable difTerence in the original stability 
of our various models, w hicb may be observed by comparing the Tablet 
of Experiments, it is right to observe, that in all discordant cases, 1 coor 
aider those trials, that are recorded in Tables VIU, IX, X, Xl, XU, 
and Xlll, in which battens viere applied in front, as being by fiir the 
most accurate; for in conducting these, the slopes and other dimensions, 
end even the weight of each model, were carefully examined And oorreciod. 
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diall now be laid before the reader in the clearer and more conve- 
luent form of tables. I shall only previously remark, that the 
^peiinienta tried with rammed earth, do. not appear to me to 
afford any just grounds for judging of the comparative stability 
of various profiles; because when the earth of a rampart is of so 
very tenacious a nature, as to resemble that which was used by us 
in the said experiments, it can, of course, have no tendency 
whatever to overset the revetment, let the form of the profile be 
what it may ; but on the contrary it must always communicate 
some additional stability, by reason of the friction or cohesion 
diat was before treated of. The additional stability, thus commu¬ 
nicated, cannot, however, be deemed of any real use to an actual 
tevetraeut, because it can never be brought to act in opposition to 
any external force of an unfavourable nature, so tliat tlic advantage, 
now under consideration, if such it can be called, is a very negative 
one. For this, as well as for another no less important reason, 
afterwards explained, 1 have, therefore, paid no attention to the 
peculiar experiments tried with rammed earth, in framing the rides 
on revetments, that will be found in a subsequent part of this 
chapter.* 


wheq necessary, after every tw o or three cxperiniciits. lliis precaution had 
been neglected in our other experiments, in which, therefore, although 
alt the rtutdeis were very accurately made at first, 1 conceive, that by the 
wearing of the woodwork of the base, or otiicrwise, they ma} in some 
degree have lost their proper form, after a certain number of trials. 

* His further to be observed, that the experiments with rammed earth 
dc not appear to afiord any satisfactory criterion for judging of the stabi- 
litf of actual revetments, backed with earth of equal tenueity, because 
on trying models exactly similar in other respects, but of rlifl'creiit magni¬ 
tudes, their ret^ctivc stability with rammed earth, bore no fixed propor¬ 
tion, at difl'ereot heights, to the original stability of the same models, 
without earth. In the experiments with shingle, on the contrary, the re- 
anlts yielded by the largest and smallest models used, always nearly cor¬ 
responded with eaeli other, whenever the profiles were similar, as will 
■Aecwanls be cxpkuned* 
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It will be obscr\eil, on inspecting the tables contained in this 
chapter, that some of our experiments, both with shingle and 
rammed earth, were tried witli a set of larger models, 52 inches high* 
These high models, had respectively a tliickness or mean tliickncss, 
either of 8 inches, 10| inches, 12 inches, or IS inches, and weighed 
from 72S to 118S lbs.; and consequently being rather too unwieldy 
to have answered for a general course of experiments, they were pro¬ 
vided merely for the purpose of ascertaining, whether the results, 
obtained hy means of small models, as to the comparative stability 
of profiles of various descriptions, were likely to hold good, in 
judging of the strength of similar profiles on a much larger scale: 
and this important question appears to have been determined in 
the adirmative. 

For example, by experiment 11 (See Talk 1.), it appears that the 
small countcrsloping model for supporting shingle, whose height 
is 2(i inches, mean thickness 4 ineix's, and counterslope one fifUl, 
has no stability, but oversets ns soon as the shingle is raised to the 
level of tile top of the supposed revetment. In like manner k 
appears by experiment 80 (See Table HI.), that the high counter- 
sloping model, exactly similar to the former, but double in height 
and in mean thickness, lias also no stability for supporting 
as it falls in consequence of the pressure, as soon as the shingle is 
raised to within one inch of the top of the supposed revetment. 

As a second exanipie, it appears by experiment 12 f See Takie I.X 
that tlie rectangular model, whose height is 26 inches, and its 
mean thickness 6 inches, when backed witli shingle so as to repre¬ 
sent a counterscarp revetment, has a stability of 4^ lbs. only. And in 
like manner it appears, by experiment 81 (See Table 
the high rectangular model, which is exactly similar to the above 
model, but double its height and thickness, when backed witb 
shingle so as to represent a counterscarp revetment, has a* stabilky 
of 18 lbs.; and these two results are nearly iu the same |HX>portion 
to tlie original stability of their respective models, before any 

VOL. II. 
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diingle was applied to cither of them. And on further comparitij 
‘ the several other experiments, made under various ciicuinstance.'*, 
with the high models, and those made, under the same circum> 
stances, W'ith the corresponding low ones of a similar description, 
as recorded in the tables, it will be found, that they in general 
dccidedlv tend to establish the same conclusion, although so \ciy 
close a coincidence will not always be remarked, as iu those pai- 
ticular instances, which 1 have just quoted. 

In order, however, to ascertain still moie fully this \eiy impor¬ 
tant point, 1 had a much larger model made, than any that have yet 
been noticed, the height of which w as 104 inches, and its mean thick¬ 
ness (19tV inches, which is in the propoitionof iZdis of the height. 
This model weighed no less tlinu o )ti) Ih^., and it requued to 
be backed with quantities of shingle m proportion, much gieater 
than any we had before used, so that the simple appaiatus, that 
had sufficed in all our former experiments, was of course entirely 
inadequate. Accordingly, before .any use coidil be made of tliis 
new model, we were muler the necissity of filling up a place on 
purpose with strong limbers and planking, and the [iioeess of tach 
individual trial became exceedingly laborious.* On compaiing the 
results of the experiments, tried with this very large model, and 
those tliat had been previously trleil with the couesjioiuiing low 
model, whose height was CO iiielie.s, and mean thickness 7\l mcli<“^, 
we found, that they also agieed so far, as to uairaiit us in diawing 
from them the same general inlercnce, that has already been stated ; 
and from the very great scale of the expeiiinenls, now alluded to, 
they will no doubt be allowed to be pcculiaily decisive. 

Upon the w hole, therefore, I coucei\e, that the course of experi¬ 
ments, tried witli our small models of CO' indies in height, and of 


• This very li^rgc model, and the a]>{iaratiis necessary fur using it, were 
prepared, and all the experiments nia«lc with it were conducted, by Lieut* 
iL P. Bruyercs of the ftoyal Lngiiiccrs. 
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vaiiouh mean thicknesses and slopes, may be applied with confidence^ 
to determine the proper proportions of any other solid boilies, of a 
much greater height, such as levetincnts of masonry, intended to 
resist the pressure*of loose earth.* 

It is to be reinaiked, that excepting in fortresses, founded unloose 
sanil or shingle, n hicli situations seldom occur, the ramparts and para¬ 
pet' an? usnally lormcd of sod of a ceitain tenacity, which is either 
actually laniined, or at least \ery neaily the same effect is produced, 
ill tin pioee'-i ftflhc voi k, hy llie constant passage of carts, and wheel- 
harrows, <on\iying mateiials. licnee, inmost cases, the revet¬ 
ments of a fnlrcss Ikim- veiy little prcssine upon them, of such a 
natme as can lend to o\crset llieni, since they are almost always 
backed with tcnacunis eailii, the cohesion of which, particulaily if 
eonnterfoits aie used, must, on the contiaiy, add a vast stability 
to the masuniy. Rut it is by no means prudent to calculate upon 
a continuance of this state of things, in regulating the profiles of 
a fortress; for the tenacity of the .siippoited earth of a rampart, 8cc. 
liow’e\er great it may originally have been, is always liable to be 
deranjred by llie effects of rain and fiost; so that large masses of 
earth, which at first may not have acted upon the masonry, except¬ 
ing in the favtimable mode that was before alluded to, may sud- 
dcidv he brougjit to pi ess upon it with considerable force, 
and with a decided tendency to overthrow it. Some particular 
kinds of soil, also, such as clay for example, arc known to 
swell or inciease in magnitude, after imbibing a certain quantity of 
moisture; and when this happens, it is evident, that they must 


* It is to l)f olisoncd in favour of llic safety of flic conclusions, that 
arc to be drawn from our experiments, that our models were all rather 
lighter than the shingle, and considerably lighter than the rannned earth, 
which was applied to them; whereas it is well known that the specific 
gravity of the masonry of leictincnts is gcnoially greater than that of the 
‘supported earth. 

n R C 
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txert a great lateral thrust, unfavourable to stability. Under these 
considenitions, it may, consequently, be allowed to be advisable, 
at least in northeni climates, to give to all revetments, even in the 
sdffest kinds of eartli, the same degree of strength that would be 
necessary, if the soil to be supported consisted of very loose sand or 
shingle. The rules therefore, which are about to be laid down, in 
regard to the proper dimensions of revetments of different descrip¬ 
tions, have been deduced entirely from the experiments contained 
in those tables, that relate to shiugle only. 

Rtj LE I. In revetments of equal height, ami mean thickues<!, 
the strength of each is in proportion to its slope; the rectangu¬ 
lar profihj Khkh has no slopes, being the weakest. 

KEMARK- 

This is proved by our first course of experiments with shingle, 
contained in die first se\eii tables of this chapter, in which the 
countersloping, sloping, or leaning profile of ^Ui, has always an inter* 
mediate degree of stability, being weaker than tlie countersloping, 
sloping, or leaning profile of Mb, but stronger than the rectangular 
profile of the same height and cubic contents. 

Rule II. Of all sloping revetments of equal height and mean 
thicknesSf that can be used, the countershping profile is the most 
suitable for works of fortification. 

REMARK. 

By die experiments with shingle in general, as recorded in the 
various tables, it appears that in profiles without counterforts, 
whose mean thickness is equal to ^^ihs of the height or upwaids, 
the countersloping profile exceeds all others of equal height and 
mean thickness in stability: but in less substantial profiles, diat is 
to say, in such, whose mean thickness is not greater than ^th of the 
height, the countersloping profile is weaker than either the conas^ 



RULES ON REVETMENTS. 


613 


ponding sloping, or leaning profile. * The dUTerence, however, 
is not so considerable, as to counterbalance a peculiar and most 
important advantage of the former construction, which shall now 
be stated, 'lliis consists in tlie perpendicularity of the exterior 
surface of Uie countcrsloping profile, which renders it much more 
durable than any of the other sloping forms; for it is evident, that 
the counterslope of the first-named profile, upon which its strength 
depends, may be laid out in any proportion, judged necessary without 
prejudice to the masonry. In the leaning and common sloping pro- 


• Bcsidr.s ll)c peculiar profiles, that have been noticed in the text, a 
rc\elim’iit may bo l)nill uilh double slopes, that is to say, with an exterior 
slope III trout, and a eoiiiiterslojip in ri.n. It' Uiis construction weie u»ed, 
as lot rvampic, it a reM'tnicnt of a ;(neii height and mean thickness had 
an exterior slope of one tenth, and a counteislope of one tentli, tho 
iiiercase of thickness at the base being eonsequently equal to one fifth of the 
height; its stability would probabiv. under any given circumstances, be very 
ncailv in a mean prop(>rtion belwecu that of tlic sloping and countersloping 
piotilcs of the same height and mean lliickricss, whose slopes w ere in the 
piopoilion of one lifth of the height. Hut if the .slope and countcrslope of a 
doilbly-hloping icvetment were uneqiiiil, as for example, if its slope were 
•equ.al to one thirtieth, and its eomltol.^lopc eipial to one sixth of the height, 
it.N stability ^loiild .still be in some inlet mediate proportion between that 
of the common revetment sloping at one fifth, .'Uid of the countcrsloping 
revetment, having a conntcrslo|ic of one fifth, the said proportion (Jth) being 
equal to the Mint of the shipc luid coimter.slojie (:^th + Jth) of the doubly 
alnpiiig revetment added together. 

i'rom these eoiisidcrutious, it may be allowed, tliat there can be na 
doubt of the compound profile, vv liieli has jiint been described, possessing 
considerable stability. If therefore any Engineer, in planning a fortress, 
should wish to adopt the countcrsloping profile fur his revetments, and yet 
should not choose to have them quite [lerpendirular in front; he may give 
them an exterior sltqie of ,;'uth, and a countcrslope of ^Jlhs of the height, 
which in a scarp revetment of thirty fret will allow 6 inches for the base 
of the former, and 5 feet-6 inches for that of the latter; so that the total 
gain of thicknciis of masonry at bottom will be equal to Jlh of the 
height. I conceive, that there would be little or no difference, in point of 
etrength, between a profile of the above con.structioii, and a perfect coun¬ 
tersloping rcvelmcnt ol’ tlic same height and mean thickness. 
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files, on llie contrary, if their slopes are small, their sticii^lli 
will not greatly exceeil that of the rectangular, which has 
been proved to be the weakest of all profiles. If on the other 
hand, with a \:v\v to avoid this e\il, that iiece.ssar\ degree of 
slope, which is essential to striMigth, should he gnen to them; 
then the\ wi.l he exposed to the destiuctive cfl'ects of rain, 
frost, and vegetation, which In lodging jn, and acting upon, the 
joints of the masonry, will in process of tune cnlireK dtslrov the 
colicsion of the inoitar, and ruin the exteiior surface of the 
wall. 

Having thus stalala piopertv of the eoiinlci>l()plng pmiile, wlfuli, 
1 conceive, lendcis it, upon the v^hole, In im the most suilahh 
for the scarp and coniiterscarp revetments of foitiessos, (m of 
other works, in whicli the external surface of the masoniy is 
exposed to tlic action of air and weather, oiilv ; I shall remark, 
that in ail retaining wail«t, such as those of whaifs, wet dork'', ^c., 
in which the greater part of the masonry is gcnerallv under water, 
there will be little or no difleience, in point of durabilitv, wluthci 
llie exteiior suiface is vertical or sloping, as the action of the 
water will be equal in both cases. C’onsc'qiienlly in works of this last- 
mentioned description, particnlnilv if building inutdials ait; very 
expensive, the counlersloping profile niav be rejected, aiul the leaning 
profile chosen in preference; because oui experiimnls with shingle 
prove, that, in revetments backed with loose soil, the mean tliick- 
nes.s of masonry of the coimtcrsloping profile cannot with propriety 
be reduced so low, as may be done with safetv, citlici in tlie lean¬ 
ing or common sloping revetment. 

Rule III. No revchnent should eier he huilt rcHhout counter¬ 
forts; and yet, in determining the dimensions of any profile, the 
thickness or mean thickness of the revetment should be such, 
that, even if deprived of its counterforls, it r^ould have some 
stability. 
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REMARK. 

To enlarge u[ion the great utility of counterforts, after what 
was bef(»ro said, will be superfluous, particularly as a reference to 
the \arious experiments will show their utility iii the strongest 
light. Tor example, by experiment 44 {See Table II.), it appears 
that the rectangular model, inches high and S inches thick, 
wlu ii used as a partial revetment without a berm, had so very 
little stability that it fell of itself after tire shingle was raised about 
C-i iiiche*i above the toj) of it; whereas by experiment 127 {See 
Table \*.), it also appears, that the rectangular model of the same 
height, whose thickness was only () inches, was so much strength¬ 
ened 1)\ the addition of countei forts, equal in cubic contents to one 
fonilh ol tlie Mijqio id revetment, that when loaded with shingle 
under the same circnmstanees to tlie height of 60 inches above the 
top (H*' it, it acquired a stability of 70 lbs., which was considerably 
greater than its original stability, before any shingle was applied. 
Now riie cubic contents and weight of the 8-inch model, are 
greater than those of the G-inch model and of its counterforts 
added together ; and yet, as it has just been shown, the former is 
much the weakest; fiom whence it follows, that of two profiles of 
rc\etments, both of the same height, and containing the same 
quantity of masuni v, and consequently built at equal expense, but of 
which the one has conntciforts, and the other none, the masonry of 
the first may be exceedingly strong, whilst that of the second, 
having little stability, will fall down, as soon as it is backed with 
loose earth to a certain height. 

Notwithstanding, however, the great additional strength, which 
is undoubtedly to be derived from the use of counterforts, it would, 
by no means, be piudciit, in trusting to tliem, to diminish the 
quantity of masonry, in any revetment, beyond a certain limit. 
For it is to be observed, that masonry seldom becomes united into 
one homogeneous mass, like rock, until after the lapse of qi^reat 
number of years; and not e\cn then, unless the mortar is of a 
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peculiarly good quality, which, in all countries aiul under all 
circumstances, is not to be expected. Consequently, in building 
walls with counterforts, for any gi\eu profile, that kind of rcvct» 
ment ^oiild certainly not be adopted, which if depriied of its 
counterforts, would have little or no stibihty; because although 
the profile might be sufiicientiy strong, pro\idcd that the whole 
mass adiiercd togetlier, it is possible, that the pressuic of loose 
earth might, under tlie circumstances supposed, o\erconie the 
cohesion of the niasoiuy, and foice it asunder m various place'*, 
in such a inanucr, as to throw down the greatest jiart of the revet¬ 
ment, leaving tlie counterforts, and the lower paits of the wall, 
standing.* 

Rule IV’. CouiUerforis should Ic rectanguhn: their length 
should not be greater than the mean thickness of inaf>onry of the 
revetment; and their clear intervals should not exceed from tao 
to three times the said mean thickness. Theii n idth should not 
he greater than one fourth of their central inteiiah. 

Iir.MAHK 

With respect to the best form for counterfoils, the general result 
of our experiments with rammed earth, seemed to prove, that in 
soil of a very tenacious quality, the diminished counterfort is ratlicr 
weaker than the rectangular, and that tlie latter is a little weaker than 
the dove-tailed kind : but as Uic diflference is very triihug, aud as. 


* Under what circumstances, a wall of given dimcnHions may be loin 
from its counterforts and I'oundalion, by a pressure of cartli, must remain 
doubtful, until experiments arc tried vvilii actual revetments, on a siifli- 
oiently large scale. But it is to be remarked, that the mean thickness and 
other dimeusioni, which ought to be given to any revetiucut, in order to 
enable it to resist a certain pressure of locmc eartli, wilbout the assistance 
of counterforts, may be determined with suflieient accuracy, by moans of 
<mr experiments w ith shingle. 
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from some experiments with diingle, before alluded to, but not 
entered in any of the tables, we found, that in loose soil, tliere wai 
little or no chlfercnce of stability betueen the various forms that have 
been enuineiated, 1 am of opinion, that tlie rectangular counterfmt, 
as being Uie simplest and easiest of construction, ought to have 
the preference. 

It was explained in tlie foregoing chapter (See pages 514, 
and 3\o)y that not only the dimensions of counteiforts, but also 
their inteisal.s, may admit of great variety, without making any 
tlift'erence whatever, in the quantity of masonry used in the con¬ 
struction of them. But the effect of counterforts, in strengdiening 
a ie\etment, ma\, with propriety, be compared to that of the 
beams, vhich suppoit the superstructure of a wooden bridge. 
Although lliesc beams should, in themselves, be more than suffi¬ 
cient to sustain a much greater W'eight, than any that is likely 
to pass over the bridge, if it could be applied to them individually; 
vet if lliey are placed at too great intervals apart, this excess 
of strength will be of no avail, for the planks above them may 
give way, and tlie bridge will be rendered impassable. In like 
manner, if counterforts are built too distant from each other, 
the intei mediate portions of the revetment may not derive 
the necessuiy aid fiom them. Some limit should therefore be 
assigned to the clear iiiten’als of any system of counterforts, which 
ought not to be exceeded in practice ; and probably tliat, which 
lias been laid down, in tlie rule jus4 stated, may appear a proper 
maximum. 

When the advantages of two kinds of counterforts, both equal in 
quantity of masonry, and placed at equal central intervals apart, but 
of different lengths, are taken into consideration, it will appear, 
that long and narrow ones will be much more favourable to 
stability, than shorter and wider ones; whilst, on the other hand, the 
latter will unite better with the body of a revetment, and will be 
less likely to be separated from it, by any extraordinary pressure of 
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loose earth, than die former. The length, therefore, of counterforts 
ou^t to have its limits; and our experiments have proved, that 
even when tlie proportional mean thickness of our models, as 
compared with their height, was less than would be advisable for 
actual revetments, the dimensions laid down in our present rule 
for the proportional length and width of roimtn foils yielded moie 
than sudicieut strength. 1 have therefore given these dimeii**ions 
as a maximum, that ought not to be exceeded j hut they mav be 
reducetl in a certain degree, without inconvenience.* 

Ri le \. The dimensions proper fur J'nll Scarp revelmenfSf 
without bennSf and for Demirevetmenfs, or for i^artial Scarp re~ 
vetmeutSf havinj^ berms equal in icidth lo one fourth of the heii^ht 
if masonry or upzvnids, arc as f ullous. 

Make your profile coitnicrs/opin", rvilh a counters/ope of one 
fifthf and a mean thickness equal to seventeen sufieths of the 
heightj and give it rounterfortSy equal in length to one fifth of the 
height, placing them at central intervals of four times their rvidtk 
apart, 

KEMARK. 

Experiments 402, 408, 404, and 40o, in Table XIIF, prove, 
that a revetment couiitcrsloping at one fifth, having a mean thickness 
of one fourth of the height only, which is (•oii'»idtTahIy less than I 
have recommended in the above rule, but having counterforts of 
the proportions therein prcsft'ibed, is sufficiently strong cither for 
a demirevetinent, or partial scarp revetment, for Mipporting loose 
earth to any required height ; and experiments GSO, 281, and 282, in 
Table X, prove, that a profile of the proportions laid down in tins rule 


• The counterforts, used by Uic civil engineer.*: in this country, for whivrf 
walb, &C., have generally been built squan*, anti at central intervals of 
eighteen feet apait; their length var}iiig from about otic half to two thirils 
nf the thickiics«j or mean thickness, of the revetment 
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stouKI lia\ e considerable strength as a demirevetmcnt or partial scarp 
!c\etment, with a |jertn,cven it it were ciitirclv deprived ofits counter¬ 
foils. 7’lu' same iufereiires are to be ilraw'n frorntbe experinlente 
ti icd with the higher models, as w lii be seen by referring to the tables, 
so that upon the whole, 1 conceive, that there can be no doubt of the 
st;tbi!il\ of the prolile now snggc.sted. On comparing the above, when 
used as a full scar|i revetment, with Vauban’s general profile, it W’ill 
be. found tliat in revetments 30 foethigli, tlierc is a \ery small saving of 
masomv b\ adopting llic former profile; Init in i cvetments lower than 
tile above licight, ilie saving is more considerable: whilst, on the 
contiary, \'aMlKnrs profile is the most economical, if the height of 
the levetinent exceeds 3.) feet; but this is seldom or never necessary 
ill inihtaiN woiks; sj that, generally speaking, the prolile, above 
reconimeiidcd by me, nuist be allowed to be llie least expensive of 
ilie two.* 

liii.n VI. J'Jic dimensions proper for Demirevehnents and for 
Partial Scarj) revetments^ without berms, are as follows. 

Make i/oiir profile countersloping, with a counterslope of one 
fi fth, and a mean thichness equal to three tenths of its height, and 
give it counterforts, equal in length to one ffth of the height, 
placing them at central intervals of four times their width apart, 

UEAJAllK. 

Of lh»‘ striMigih of a revetment and counterforts of the propor¬ 
tions now iccoinineiuh-d, theic can be no doubt, since various 
exprriineiit.s, contuniid in the tables, prove, that by aid of such 
conntci forts, or even smaller ones, much weaker countersloping 
revctinents, than llie above, arc capable of supporting loose earth 


“ Ill Older to judge between Ihc two profiles, compare Table II, Chapter 
XXIV, pa;;e 502, in whieli Yaubaiia ^ellelal profile for full scarp revet-' 
meijis is aiial}xcd, viitli Table A, aftenvards p;i\eii in page C?#. 
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nused to uiy given height above them, whether wiUi or without a 
berm* But as the tenour of our experiments proves, that if 
deprived of counterforts, ttie counterslopiug profile, when used as 
a partial scarp revetment, is generally weaker witliout a berm, than 
irith one, excepting when the mean tliickucss is greater tlian 
aeveoteen sixtieths of its height; I have for this reason judged it 
jM’odent, to make tlie revetment somewhat more substantial, in the 
present rule, than in my former one, although to some reader;^ the 
precaution may probably appear superfluous. 

In order to compare this profile with Vauban^s, we shall fiist 
suppose that a partial scarp revetment 'is to be built, 30 feet high, and 
that there is to be a height of 16 feel of earthen scarp over it, exclusive 
of die parapet. By Vauban’s rule, as stated in page 623, the tllick^cs^ 
at top of such a revetment ought to be 8 feet 4 inches, and its llIicknos^ 
at bottom ought to be 14 feet 4 inches, the mean being 11 feet 4 
inches: to which ought to be added couiiteiforts 11 feet long, having 
m mean thickness of 6 feet 6 inches, and platced at intervals of 16 feet 
apart. Consequently it will be found by calculation, that a revet¬ 
ment and counterforts, so proportioned, will be equal in quantity of 
masonry to a w’aJl SO feet high, having a mean Uiickness of 16 feet 
S| inches: whilst the partial scarp revetment and counterfoi ts, 
fucommended by me, will be equal in quantity of masonry to 
a wall of the same height, but having a mean thickness of 10 
leet 6 inches only. Thus by adopting a partial scarp revetment 
of the dimensions prescribed in my present rule, in preference 
to Vauban’s, there will be a saving of nearly one thiid in the 
quantity of masonry. 

Again, if we suppose that a scarp of 40 feet in total height, 
exclusive of the parapet, is to be retained by a dcniircvctmcnt of 
20 feet; Vaubau’s rule, counterforts included, will require a 
quantity of masonry, such as would build a wall 20 feet high 
and 14 feet 8 inches thick: whilst the rule, above laid down by me., 
requires a quantity of masonrv equal to a wall of the same height 
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that has been specified, but only 7 feet thick; so that by adopting the 
latter profile, in preference to Vauban*s, under the circumstaiiGee 
now supposed, there will be a saving of masonry of more than 
one half.* 

Rulk VII. The dimensions proper for Counterscarp revetments, 
(iorge revetments, or others, intended to retain simple terrepleim 
only, without parapets, are as follozcs. 

Make i^our yrofile countersloping, with a counterslope of one 
Jifth, and a mean thickness equal to one fourth of the height, and 
give it counterforts equal to one sixth of the height, placing them 
at central intervals of four times their width apart, 

ROIARK. 

The propriety of this nde is sufTiciently proved by experiment 280, 
in Table IX, and experiment 401, in Table XIII, the former of 
which shows, that a counterscarp revetment of the dimensions herein 
prescribed wouUl have considerable stability, even if deprived oF 
its coimtei forts; whilst the latter proves, that by the addition of 
these, it becomes an exceedingly strong profile. The same inference, 
as to the sufficiency of the profile now recommended, is to be 
drawn from various other e.xperiments, which I forbear to mention, 
as they will be seen by referring to the tables. 

Rulk VIII. Although the dimensions of Scarp and Counter^ 
scarp revetments, found by the three preceding rules, are strong enough 


* The reader will clearly understand, that in drawinir these comparisons, 
I do not pretend to say, that the couutcrslnping profile, recommended bj 
me for scarp revetments and deinirevctments, is actually stronger than a 
common sloping profile of the same dimensions would be. As far aa 
regards sttibility, the error lies, therefore, not in the slope or form of Van- 
ban's profile, but in the great waste and superfluity of strength, given by 
him to his partial revetments, owing to his having reasoned upon fids# 
notions as to the nature of the pressure of loose earth. 
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for resisting an^ common pressure of earth, that n tikehj to act 
upon tkcmf yet it will he adihahlff in low prultles, to make some 
addition to the thickness of' masonry^ for the sahe of durability ; 
And the same precaution mil also be proper, in profiles of' every 
description, uhen the foundations are bad, or when the soil to be 
retained is of an uncertain tjualUj/, likely to vary, from time to 
time, between a state of' d:yncss and humidity. 

REMARK. 

It Nvill be obvious, that the durability of niasouiy, pailiculaily 
io northern climate*'’, must in a ^reat lucaMuc depeiul upon its 
actual mass. For example, a rc%ctniciit, *> feet Uiick, >iill certainly 
be much more durable, than another \\hich is only 'J feet thick, 
although considering them merely as retaining walls, their com¬ 
parative strength, as opposed to a ccitain pressure of earth, acting 
upon them, may, in each, have originally been e((unl. Finlcr 
this consideration, the first part of the rule, which has just been 
laid down, appeared expedient. 

Ru LE IX. In revetments, intended to retain soil of any 
tenacity, those parts of the masonry, zJiich are to come in contatt 
with the supported earth, should be built rough or irregularlyf 
with the stones or bricks oceiiuonaltij projating a little. 

REMARK. 

As the propriety of this inlc is sufhrientl\ pro\c(i h> the experi¬ 
ments with rainineu earth, which show the advantages, aiising 
from the kind of fiiction or cohesion, that the mode of .construc¬ 
tion, now reconimeii'icd, must midently tend to increase; 1 shall 
.only observe, that, in counterslopiiig profiles, the offsets in rear, 
which arc always advisable, will produce tlie desired effect, as far 
as regards tlie back of the levctim nt, and the tail of each counter¬ 
fort, without the necessity of attempting any other ii i egiilarity iu 
this portion of the work. 
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Rule X. It is, in all cases, advaiitageom, hut, in unfavoura^ 
hlc soil, ahsolutelif necessary, to taj/ out the foundations of revet- 
ments according to an inclined ■plane, a little deeper in rear than 
in front. 

K EM ARK. 

As this nilc applies most particularly to unfavourable founda* 
lions, which are specially treated of in the following chapter, the 
reason of it will there* be explained. When the base of the niasoiny 
is considerablr, it will generally be more convenient, and at the 
same time equally ser\ireablp, to lay out the front part of the 
fuuiulation, only, acc«>rding to an inclined plane of the above 
description, making the remainder of it, towards the rear, horizon¬ 
tal, or iii'in l} so. 

Ri LT XI. The c.\tcrior joints of the tna^onri/of military rc- 
vetmoits should afiicii/s be horizontal. 

REMARK. 

The mode of consli uclion, now suggested, is scarcely ever prac- 
tl'-ed with walls Inning an exterior slope, because it would lead to a 
waste of materials, in building with stone, and would be very 
iucimvenirnt, in using bricks. The joints of common sloping, or 
of leaning ic\etnienls ha\e, llierefoie, been almost always laid 
out aceoidiiig to an inclined plane, perpeiidiciilur to the exterior 
slope; and thus the rain water falling on the external surface, is 
enabled to lodge itself, and [leuotrale into the body of the masonry, 
with greater ease, than d the joints were liorizontal. As compared 
with the abo\e profiles, the couiitcrsloping roetment has llieic- 
fore a great advantage; namely, that tlie best and most proper 
mode, of lading tiie cxteiior couiscs of the masonry, is also the 
most convenient in practice.* 


* It lias been remarked, in various parts of flic coutiucut^liiat perpendicu¬ 
lar towers, aud walls of considerable antiquity, constructed cither by the 
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Rule XII. When a revetment is backed mth solid rock for 
ehout one fourth or one third of its heighty and from thence 
upwards with loose earth, the lower part of the masonty must be 
united to the rock, by short counterforts and projections; which 
being done, its thickness tuny be diminished to much less than the 
usual dimensions allotted to projiles of that height: but as far as 
regards the remainder of the revetment, it must have the same 
mean thickness, and counterforts of the same proportions, as if 
there were no rock behind any part of it, care being taken, not 
by any means to make the upper part of the masonry ueakcr, but 
on the contrary, rather stronger, on account of (he rock, 

R KM ARK. 

The caAc now supposed is one, which is often like!} to occur 
io practice ; and at the same time it is one, in which, of all others, 
failure is most likely to ensue, if erroneous principles aie acted 
upon. I therefore judged it best to be explicit as to this particular 
case, although the propriety of adopting the precautions recoin- 
mended might pel haps have been suiHcicntly inferred, from a care- 


ancient Romans, or in the feudal .’U'cs, arc in a good stale of prescr\atioii, 
whiiat (he exterior surface of the masonry, in the revetments of modern 
fortresses, built hy Vauban and others, on the same spot, and apparently 
with materials of llic same quality, has gone entirely to decay. In the Citadel 
of Antweqi, I observed that scarcely any of the cut stone, with which the 
revetments had originally been coaled, remained in a seniccable state. 
A few years ago, it was found necessary to new face a considerable part 
of the revetments of Portsmouth. .Such aro the diMidvautages attending 
exterior slopes, especially w hen the joints of the masonry arc not horizontal. 

in the retaining walls of wharfs, liarhours, or wet docks, wliich arc utllrn 
under water for a considerable part of tlicir height, it will be evident, fora 
reason before stated, that the form of the exterior surface, and the direction 
of the joints, are of Jess importance, particularly ns water-proof cement either 
is or ongbt to be used in sucli w orks, w hicli, as being loo expensive, it is not 
common to employ in military revetments, or other buildings, exposed ttf 
the effects of weatJier only. 
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ful perusal of tin* foie^oinp; parts of this chapter, without my 
ha villa: iiitioduced a special rule on the subject. For it must 
be e\ideut, that if the lower part of a revetment is hacked with 
lock, but no rneuiis are taken to unite them to^elhei, there 
will be no pressure whatever upon the base of the wall; so that 
the pressme of loose earth, which acts upon the upper part of the 
masonry, with a tendency to oveiset the levi tment, not being at ail 
counteracted, as in a common profile, by any pressure or force 
favouiable to stabilitv, will have a much lirealer powi rof effecting 
the fall of the revetment, than if the masonrv were entirelv backed 
with loost‘ eaith from the bottom upwaid^. ITence a revetment 
partiallv backed with loik, will be much weaker on th.it account 
than a common revetment, if the piecautioiis recommended in the 
above rule are neglected. But if these are adopted, in the execution 
of the work, the lowi-r part of the musomy will be so firmly united 
to tlie rock, tliat it will be impossible for the pressure of loose earth 
acting upon the uppi'i part of it to overset the revetment, 
without bieakiug the wall to pieces, which will also be impos¬ 
sible, if those pails of the revetment and counterforts, which arc 
above the level of the rock, have the dimensions recoiiiiiiended in 
the rule now under discussion. 

By wav of further ilinstrution, I shall stale some experiments 
which fiillv [irove the truth of vvlial lias just been advanced. 

1st. We took the 8-incli n ctangiilar model, ‘JO inches high, 
and backed it with a mass of shingle, a b m ii, piessiiig upon the 
whole of the back of it, from 
the bottom up\vuids,and raised 
to the height of (>() inches ov or 
the top of it, as shown in the 
first of the annexed figures, 
so as to represent a partial 
scarp revetment, having a berm ' 

equal to the thickness of masonry. On trviug the average stability 
voi„ n. 



s s 
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of our profile, under the above circumstances, it proved to be 
equal to 12^ lbs. 

2dly. By means of an oblique board, e c, united at bottom 
to the top, c, of a small vertical board 8 inche.s high, supposed to 
be placed close to the back of the same model, in the position, a c, 
as shown in the second of the above figures, wc were enabled to 
apply a mass of shingle, c b d e, so as to press on tlie upper part, 
c b, only of the back of the supposed revetment, there being no 
pressure whatever on the lower part, a c, of tiie back of it. It 
will be evident, that, under the circumstances stated, the model is, 
in this figure, exacllv in the same predicatnent, as a icM tincnt backed 
with rock for about one third of its height, measuring fiom the 
base, and from thence upwards with loo.se earth; and the result of 
our experiments proved that it was much weaker in thi'> ease, than 
in the former, for it had no stability wliutoer, but fell of it.self 
by the pressure of the smaller mass of shingle, c b d e, willi- 
out using the scale or w'eights, as soon as that loose material was 
nused to a level, d e, only 17 inches higher than the top, b, of.,tl]e 
model. Thus, in this ca.se, the quantity of shingle repieseuted by 
the trapezoid, c b d e, which overset the model, was only equal to 
about one fourth of the quantity of shingle, represented b\ die 
greater trapezoid, a b m n, in the first figure, which pio\ed inca¬ 
pable of oversetting it. 

Sdly. In like manner, on trying the 0-iiich rectangular model, 
also 2G inches hi<ih, m the manner represented in the first of the 
two following t’guics, it fell of itself b\ the mass of shingle, a b h i, 
as soon as that loose mateiial was raised to a lewl, li i, MG inches 
higher than the top, b, of 
the supposed revetment, 
the supported mass be¬ 
ing in this case allowed 
to act upon the whole of 
the back of the model. 

4thly. But on applying shingle to the same C-inch model, in die 
manner icpresenled in the second figuie, so as to press upon the 
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uj>|)(jr part, c d, of the hack of the model only, there beir^ no 
pH'sMire >rthate>er upon the lower part of it, a c, for the height of 
S inches from the base upwards; the supposed revetment fell of 
itself under the pressure of the much smaller triangular mass of 
shingle, c d f, as soon as that material was raised to th© level of 
the top of the model. I’hus the quantity of siiiugle, which proved 
capable of oversetting the model, under the circumstances of our 
pie ‘‘cnt case, was only equal to about one eighth part, of what had 
been lound neccssarv for ovciscttini' it, under tlic (ircumstances of 
oul tormer case. Like results were iiivaiiahlv obtained by experi- 
iiieiUs tried with sevetal of our other inodeb, under similar circum¬ 
stances, which it would be •'iipeifluous to mention.* 

For the conveiiieiicy of the reader, 1 shall now insert three new 
tables of revetments, maikt d, A, J5, and C, which have been cal¬ 
culated according to the filth, mmIi, ami seventh of the foregoing 
rules. I'iie fust applies to full scaip revelments, without berms, and 
to partial scuip levitiiients or demirevetments, having berms equal 
in width tt> one fouitli of the height of masonry or upwards: the 
sccoml applies to demirevetmculs or to partial scarp revetments 
without beinis: the thud applies to couiitcrscaip or gorge revetments. 


* III the ever iitiDii tif the iirw Dock wanks at Plymouth, which were com- 
nioiieed iihoiil se\eii \car.s u^o, the .searp levctmeiil was, iii several places, 
biK-ketl witli sliile joek, htr a eoiiSKlerahle portion of its heii^ht upw'ards, 
the upper part of the inasoiirv only heinjc exposed to a pressure of loose 
rubbish. C'ontrai} to tin- general expretation, it wa.s observed that the parti¬ 
cular parts of the revetineiit, now alluded to, seemed less capable of re¬ 
sisting this partial presMue, than tin- ether parts of the same revelmcnt, 
that were exposed to a general pressure ol loose rubbish. Consequently, 
it was stiou found iieeessarv to abandon the idea, wliioh had at first been 
suggested, of dispensing with counterforts, in th«>se peenhar portions of the 
revetment, that were l>aeked wdtb rock towaidsthc ht>ttuni. I avail myself 
of this piece of iufuiniation, winch was cunimtinicated to me by an 
Engineer Oflicer, employed at Plymouth at the lime the remark W'as 
made, u.s a practical coiilirmatioii of the triiiii of the principles of revetments, 
deduced by me from iny «xperinieiit.s with sbiiigte. i was not aware, that stieli 
a circumatanec bad occurred, until tbe first sheets of this ehapfer were 
actually sent to press. 
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J^imensioiis properJor T)emirev€l/nenf<i and Partial Scarp llevetmenls without Jienns. 
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Table C. 

Dimensions proper for Counterscarp Revetments, Gorge Rev et m e n t s, or others inietnledto retnin eimph 
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Til using the above tables, tlie precautions, given in the eighth 

and ninth rules, should be kept in mind, and attended to, where^ 

1 

ever it appears necessary; and lu building with buck-work, if the 
diniciisioii, laid down, involves any ankward fraction of a brick, 
it ought to be rejected, and some other dimension, as nearly equal 
to it as possible, but free from that inconvenience, may be adopted 


* 'I’hc si/e of hneks varies in different countries. The bricks commonly 
nscil III I'.iifrland, are idioiit 9 inches long, inches w'idc, and inches 
thick, ('oiisecjiientlv, a 1 ^-bnek wall implies one that is about 14 inches 
thick, a C brif k vvall implies one that is about 18 inches thick, a 2f-brick 
wall implies one that i'' .ibotit 28 inches thick, &.e. kc. 

hen the inoiiar is not ajijdied too thick, 29 courses of bricks occupy 
about 7 f<'et III flic hcjgiit of <i wall; and < onseqiieritly about 425 bricks are 
r(‘(|inred to build one cubic v'lid of bin k-vvoik, by whieli proportion the 
(jnuiitity ol bricks iK'cc^Hury for cotupIcUng the scarp revetments of a 
fortress inav easily bp lalcidaled. 

I’or c\am[de, if we suppose a fortress to be a regular decagon, having 
exterioi sides ot .384 yards, faces of llu yards, and perpendiculars of 04 
vards: the length ol one front v’lill be e(|ual to 482‘6 yards, as appears by 
icfeiiiiig lollie tiist table, giveinn (’linpter \^’I (See page). and there¬ 
fore, as I here are ten flouts, the total lengtii ol the .scarp revetments of the 
inaiii inelosiire will be equal to 482'Gx 1U:=:4826 running yards, but if we 
further suppose the^e icvetments to be 30 feet high, and constniefed 
aeeoiding t# llie tilth rnie given in our present eliafiler, each ruuningyard of 
profile will contitin 33-^ cubic, yards of brick-wnrk, as may be seen without 
the trouble of ealeiilatiori, by referring to Table A. I'lie numbers 4826, 
and S3i^, must thereloie be multiplied together, and the product, 160,8d6|., 
will give, (lie total number of enbie yards of brick-work required for the 
v« bole of the main iiielosure of the supposed fortress. The result, thus 
obtained, must lastly be mnlli|died bv 425, the number of bricks necessaiy 
for building one cubic yard, and the product 08,368,333 will show very 
ncaily the number of bricks, wbieh ought to be provided for budding the 
scarp revetment aud eonnterforts of the body of the place ot (be supposed 
decagon, according to (he new iwofile suggested in tins chapter. The 
above .serves a.s a second specimen of the groat facility, wherewith a rough 
estimate of the quantity of inasonrv, reqniied foi reveling a fortress of a 
given extent, may be drawn up, by means of the various tables contained 
in this book. 
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ii^ead; as is always done, in civil work'«, in drtrrmininir tbr 
diinensions of walls of inconsiderable thickness, such as those ot 
dwelling houses, garden walls, 8cc., in which a half brick is ilia 
smalleat fraction allowed. 


criAP. xxvj. 

THE S.\ME SI EJECT CONTrSl LD.-IN ^^^AT MWNEIl 
THE PRESSURE OF EARTH I PON REVETMENTS MAY 
BE DlMINlSIiED, BY RREAMNt; ITS (’ONTIM MA - 
OF COUNTER A R(’H EL) REVET.MIATS. ( oNt’AVi: RE¬ 
VETMENTS, AND CTRVEl) LEAMNO RIA ETMEN IS.- 
THAT THE SMAI.E INTERIOR RIAEIMENIS OF FARA- 
PETS MAY SOMETIMES BE DISPENSED MIJII. 

From the expeiimeiits recorded in the prereding tliapter, it 
must appear .Hirticiently evident, that tlie nature of llie action of 
the pressure of loose earlii upon n vetmeiits has hilheilo been 
generally misunderstood, and almost always gieally ovetiatcd/ 


• It pntprr 1 «» observe, that having: hcra little eni|iloye(l in thi- eon- 
atruetion of permanent works, 1 never hail eee.aHion to turn 1113 iniml mnrii 
to the subject ol revetnicnis: and ni\ ol»|ect, 111 utideit.ikuig*lhe present 
volume, was, nilhcr to lav duvvii, in a elear iriaiiiier. muIi of fhi- Ele- 
mentarv Prineiplev of I’ortilieation, a.s were geiierallv iceeived. than to 
attempt anV new discoveries of in> own. Chapter \mv was areordiiiglv 
written hv me, as a statement of the doetritics, rej(artliMg the [ires.sure ol 
earth, &c., generally held b> former writers upon this siiltjeel. It was 
begun without any suspieioii of the fallacy of these dorlimes; hut whea 
finished, I found the result, paitieiilarly as far as regarded partial revet¬ 
ments, of so very nnsatisfaetorv a nature, that it gave M.se to doubts in mv 
mind r and I was indiiecd to suspend the further proseeiition of my bool 
altogether, until I had trii d the experiments, described in Chap, xxv, which 
have enabled me to lay down a very difleient theory of revetments, founded 
upon new principles. 

Just as I had completed this last-mentioned ehnptor, I received fion) 
Palis a book that I had sent lor upon the same siibjeel (cifitJed, “Traitr 
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Accor(liii|:ly, various precautioiiB have been recommended, tnd 
often adopted, in practice, with a view to diminish the said prea* 
sure, when, l>v reason of the great strength of masonry, no un- 


evprriMK’iilal, aiialUujiif', rf |>rati(jiM*, ile la JSiiihst e ties Temes, ct dcs 
]\tnrs <l(^ Hi'\» ti-menl.") Mrillni l»> Mr. AfaynicI, a celonel of engineers in 
Ibf I’ioimIi in vvhieli arc tlelailed tarious theories of revetments, 

formed at dilVerent times, eliiefly l»y Freiirlimen, only one or two writers 
of other nations being iiotieed. .Many of the theories or s}stems introduced, 
were papers presented to the Committee ol Fortihcatioiis, by I'rencb eiigio 
iieor ofliLuis. fioin lime totime, wiiieh, it would appear, there lay neglected 
and forgotten, iiiilil |uil>iislH‘d in the work now alluded to. Of this class is 
a tlieorv. found in tin* DejMit of rortifieaUons. dated 1774, and written by 
all ofTn er of laiu;iiie« rs, » ailed Mr. 'I'ersae de Moiitlong. This gentleman 
makes the same objrc'ion to the eomnioii doctrines of the pressure of earth, 
that atieiwarils nei, ried to me, iia’ ieli, that there must be a cerlaiii por¬ 
tion of the siipporlid ina.ss, whii h tend.s to add .stability to a revetment; 
and it is reniaikable. that one thoorv, laid dow n by him, and reduced to an 
iiigi-biaieal lorinula, is very nearly the same, wliieh at first struck me as 
likelv to prove eorrei f. bntwhielil ultimately rejected, on further consi¬ 
deration ol the sub|eet. (,SVe the note to page 515.) 

Mr. 'I'ersae, iti illiistraliiig his doefriiii's, divides the supported mass into 
two poitions, an upper and a lower, exactly in the same manner afterwards 
done by me; but whilst 1 agiee wilb him, that the tendency of the lovi'cr 
poition is solely In stahilitule, —that ])ait ofhi.N theory, wliicii is founded oit 
a supposition, that the upper portion tends with its whole weight and power 
solely to ovciset, must he set aside as riioiieons, for 1 have proved, both by 
reasoning and by experiinent, that the paitides of loose earth eomposiiig it 
have u double neiioii. lending not only to overset or weaken, but also to 
strengthen tlie revetment, and that, although the former force aiw'ays 
appears to picpondeiatr, it is ofieii in a veiv small degree, so that in many 
cases, even although the actual vvrigid of the upper portion of the sii])- 
portod mass of louse earth may be veiy great, as, for example, more than 
do* Me that of the revetment upon vvlndi it presses; yet the diminution of 
stability, lliercby oeeasioiied to the profile, instead of bearing any propor¬ 
tion to so groat a mass, may, comparatively sjteakiiig, be altogctber incon¬ 
siderable. and insignificant, not exceeding, for instance, one furty-fifth part 
of the original sfahilify of the same profile, before any luo.se earth was 
applied to it. {See from page 545 to page 551; and afterwards^ from page 
591 to page 595. J 

But the very erroneous nature of this pait of Mr. Tcrsac’s theory, wliiclf 
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Ikvourable effects could have been produced by it. These expe- 
tdiall BOW be taken into consideration. 

If we suppose the two revetments, A and B, represented in the 





1 have just objected to, will be proved in a hUII clearer and more con- 
Tincinft by the following expeiiincnt, which mra tried by me uiili the 
sloping model, whose height was 26 niches, mean tluckiKSi> 12 inches, and 
slope ^th of the height; in which experiment, instead of backing the model 
with i^ngle in the usual 
manner, that loose mate> 
nal was applied to the 
part (o f) only of 
the supposed re^etiucut, 
as shewn in the aniiexcil 
Sgure, and was rai.scd to 
the level, h d, of 60 un lies 
above the tup of it. 'J'he 
Iwigbt, e o, of the point o, 
which represents the ie\cl 
of the bottom of the sup¬ 
ported uia.HS of shingle, ofhd, was equal to 12 inrbcs, and was so regu¬ 
lated, that i o, and o d, formed one continued right line, [luraltel to the 
natural .slope, f h, of the upper part of tlic supported nias.sof shingle, as in 
same of our former experiments. 

The peculiar arrangement, now dc.sciihed, was prodimed by removing 
the sloping board, which hounded the shingle in rear, from the position, 
lu it, in uhich it ktd stood in all our former expciimeids, and placing it in 
the new po.sitiuu, od, Mhich being done, wc fixed to it, at bottom, a 
smaller vertical board, touching and nearly corresponding with the lower 
part, Of, of the back, of the supposed revetment. Thus, the mass of 
shingle, ofhd, pressing upon the model, in our prc-xcnt figiiie, exactly 
agrees with what would have been the upper portion oftlie total mass of sup¬ 
ported shingle, had that loose material bccu applied, not partially, but to the 
whole of the back of our model, in the usual manner in which it would 
aetualiy be applied, in practice, to the hack of a real revetment. The 
point, T, in omr figure, repi events the renter of gravity of the suppo.scd 
revetment, ib f c, whilst the point, c, icprcscntn the center of gravity of 
the supported mass of shingle, ofhd; and the line, r s, perpendicular to 
I e and c p, i.s periiendicular to i d. 

To apply Ml. Tersae’s theory to the eiieumsfaoers represented in unr 
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annexed figure (See page 637), to be exactly equal to each other 14 
heiglit, mean diickiiess,&c.,and each to be backed with loose shingle sf 
counterscarp revetments: and, if \vc further suppose, that the shingle 


present figure, Itie power of the model to resist the pressure acting upon U 
ought to be in pruporliuu to the area ui'i b f e, niiiliiplied into the lever, i i» 
and also into the specific gra% ity of the sup|tosed masonry ; whilst the power* 
exerted by the mass ol shtiigie to overset it, ought to be ns the area of 
ofhd, multiplied into the lever, 0 q, and into the specific gravity of 
shingle. Rut it wus betbre slated, that in all our experiments the weight 
of the models used was 84 Ihs. per cubic loot, whilst that of Uie shingle was 
dp Ihs. And it theicioie follows, that according to the above theory, tho 
staliihtv <»r lesisting |)ower of the supposed masonry, in our present prufilCi 
ought to be :is the area of i b f c x i s X 84 ; whilst the oversetting power 
ol the sliitigle ought to be as the aiea ol. o f b d x c p X 89. 

Now', on redtieing these propotlious to numbers, b} calculating in con* 
forniity with the dimeiisioiis helore slated, it will be found that, according 
to Mr.'I'ersae's theor}. the resistance of the supposed masonry ought to bo 
as 22'i 928, w hiLst the ov onset ting power of the shingle ought to be as 530,139; 
wbicli pioporlions reduced are as the numbers 181, and 430, nearly. And 
eiuiseipjen'.lv, as the hittei uuinberis about 2 times greater than I he former, 
it follows, that when the attempt was made to back the supposed revetment 
w ith shingle, to the heiglit, d ii, in the inuuner represented in our figure» 
tiie model ought to have had no stahiht}, oi power of resisting so great a 
ma.ss as ofhd, but ought to have overset, iu eomsequcnce of the pres¬ 
sure acting upon it, long before tlio sliiiigie was raised to so high a level. 

'I'bc act aid result, hovu'^cr, of our c\i>t;iiuieut, which shall now be de¬ 
scribed, wa.s very wide!} difierciit. Tor, whilst the average original sta¬ 
bility of our model, before any shingle w as applied, was found to be equal 
to 181 lbs.; the average stability of the same model, when loaded with the 
mass of shingle, ofhd, proved to be no less than 173lbs. lienee Uio 
original stability of our model, was to its stability, when backed with the 
above mas-s of shingle, as 181 to 173, a.s was ascertained by the average of 
seven very accurate sets of trials ; whereas, accordiitg to Mr. Tcrsac’s theoiy, 
the above proportion ought to have stood as 181 to less than nnthiiig; it being, 
of course, trom the above calculation, as 181 to -249. It would, therefore, 
be Huperfliions for me to say any Uiing further in euiifutation of such 
theory. I shall only remark, that, in the present instance, J adopted 
the peculiar mode above described, of estimating the weakening power 
ef tho upper portion of the supported caitli, piessiiig upon a revet* 
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pressing upon the first revetment, A, is uninixed with any oUier 
material, but Uiat the sliiiiglc, pressing upou the second revetment, 
is divided into four several horizontal layers or strata, by tlirec 


ment; not that I consider it so accurate as the former niorle genrnillv used 
by me for tlie same purpose, and dcscrihed in the peereditip; chapter; hut 
because the results, alTordcd by the present method, ditlcr less from Mr. 
Tersac’s liyfiothcsis; and therefore, in controverting his dm'tnnes by ex¬ 
periment, 1 was willing to use that process, which was Uie least unfavour- 
id>le to them. e 

It is true, that Mr. Tetsac docs not gi\c the above theory as I'ouclusivr, 
nor even tlie hvpotbcsis, upon which it is founded, as being stnctly accu¬ 
rate; blit states, that be considers it merely as an ajiproxiinutnui to the 
truth, in a very intii*-ale snbp'ct, which, by making the pressure of loo-c 
earth rather more powerful, Ilian it would be in rcaliiy, may, be coiiceivts, 
be trusted to as a .sale guide in jiracticc. And he even lay s dvnvii aflci- 
wards another theory, fiutndr'd on a ditiricnf view of the snluccl. upon 
which, or on a eombiiiation of tiic two, it is slated, that be composerl 
tables of revetments, which have not, however, been copied into Colonel 
Mayniel’-s work. As to the liypothiiiis, biought forwaid In Mr. Ter.Hac’s 
second theory, win* li is not very clearly explained iii the above W'ork, it 
seems to bear no similarity, whatever, to any thing advanced by me, in 
the preceding chapter; and, therefore, it would be siipertliioiis to notice 
it, parlicnlMrlv, as he has not attempted to support any of his ideas by 
cx|icriineiit, which is, I conceive, the onlyi mode of stamping a value 
upon such speculations. 

Ill Uie same book arc related a number of experiments, tried by the 
author (Colonel Mavriiel) himself, in concert with some other I'rench 
engineers, with a view to investigate the pressure of earth and sand upon 
revetments, but whieh, 1 must confess, ajipear to me to prove very little ; 
since those, on nbieh he lays the greatest stress, and to which hi* chienv 
tmsts for the support of his owm favourite theory , were tried, not with any 
■olid body or leidirs, m the shape of or acting like revetments, but with a 
vertical plane of woodwork, resembling a common window shutter, move¬ 
able on hinges at bottom, and deriving no stability whatever, cither from 
its wciglit, considered as a mass, or from its base, it having none. Five of 
the experiments made by Iiim wcic, however, conducted in a manner 
more likely to have led to some useful e.onciusiun, having been tried with 
walls of brick and mortar, each about 4 feet 11 inches long, and 3 feet 0 
mebes high, wbicii In* biwkeil wilbverv loose sand,&c., under varioiis)cir('iini- 
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iiitormc<h:ite courses of any solid substance, such as woodwork; 
tbeii the quantity of shingle, supported by and pressing upon the 
back of the revetn«ent, A, will be represented b> the right angled 
triangle, g li i, ^^hilst the quantity of shingle pressing upon the back 
of the revetinent, R, will be represented by the sum of the four 
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small light angled triangles, a 1 C, r a S, c c 4, and o cG. The 
height (d'eiuh of these small triangles will be rather less than one 
fointh of g !:, hnl if, for the sake of clearness, we suppose that ‘ 
pioportion to hold good, the sum of all the small triangles will be 
to the iai^e triangli, iis four times the square of 1 to the square of 
4, or in other woids, as 4 to IG: and, consequently, the pressure 


stances, until tho o\erset. l our of these walls were rectangular; 2 of 
winch had a thickness equal to uhont parts of tlnir height; 1 bad a 
thickness equal to ahoiit -jV paits of its height; aud another had a thick¬ 
ness equal to 7 ^ parts of its height. The remaining wall was counter- 
sloping, with two offsets ill rear, and bad also an exterior slope of 
its mean thickiie.ss being eqn.il to about parts of its height. On referring 
to tile work, now quoted, it w ill probabi} be allowed, that thc.se five last-men¬ 
tioned trials with brick walls w ere too limited in their nature, to throw much 
light upon the subjeet of revetments; and that the other experiment*, 
made by Colonel ftlayuicl, which 1 before alluded to, are still less con¬ 
clusive. 

With respect to the exporirneiits, recorded by him, as having been tried 
by former Frciicb writers upon the same subject, they appear to have been 
dune witli so little variety of circunistauce.s, and in general on so very 
diminutive a scale, as to be absolutely nugatory. 

I have myself in view some further experiments on revetments, which 
1 shall probably try at my leisure. 
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fA shingle upon th^ back of the revetment, R, is onlv equal to one 
fourth part of the pressure of shingle upon the revetment, A. 

With a view to ascertain the point now under discussion, 

1 Gautned the following experiment to be tiierl; a inouiui was 
fbfmed ef Ioacis of loose eaith, intermixed with woodwoik, 
in the manner shown in the annexed fignrc. The ba'^e of 

the mound was 11 feet (i ___ 

/ \ 

inches square. The hori> 
zoiital courses of woodwork 
were placed at illter\^d^ of 

2 feet apart, and w ere foi til¬ 

ed of l| inch planks, con¬ 
nected together by ledges of ' " ~ -■ " 

die same thickness.* Ry , ' ' . __ , 

this means we were enabled 

to carry up the mound to a h 

the height of about 13 feet, making the dinien‘>lon> of it near the 
top, ate d, equal to the base, a b ; and it i.> tnidciit, tiiut by the 
same proce.ss, we might ha\e raised it almost to any gi\en height. 
But if we had used only loose earth, wllliout interposing courses 
of a solid material, at certain inler\als, to break the continuity, 
it would have been impossible to raise our mound higher tliaii 
about 6 feel from the ground, at wliich lu iglit it would have ter¬ 
minated in a point, forming a kind of s.piare pyramid, the section 
of which is represented by the tilangle, a e b. An inspection of 
this last dgtirc will clearly prove, what I before asserted, that the 
four small triangles, a 1 2, c a 3, e c 4, and 5 e ti, are a true repre- 


• In order to save expense, we used pontoon chesses in Ibis experi¬ 
ment, wrhieh was conducted by Mr. Nairiie Forbes, of the Honourable 
£ast-India Cnmpan^V Engineers, then doing duty at Chatham under my 
command, with the rank of Ensign. 
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mutation of the total quantity of shingle pressing upon the beck 
«il the revetment, B, shown in our former figure. 


But it is not absolutely necessary, in order to produce the effect 
of greatly diiriinishing the pressure on the back of a revetment, 
that tiie iiitri mediate .substance, which breaks tiie continuity of 
the loose particles of the supported mass, should be an inflexible 
body, like strong woodwork; for the same object may be attained, 
to any required degree, by using flexible substances, such as 
canvass, thin layers of brushwood, Sic. as we ascertained by the 
tuo following expelIrnents, both of which were tried with the 
ruiiuter.sloping model, oC! inches high, having a mean thickness of 
inches, and a coiintcr.slope of one fifth. 
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(>n applying shingle to the back of the above model, in horizontal 
layers of four inches in height, divided from each other by courses of 
raiwass,* in the manner 
represcntei^i the annexed 
figure, the* stabilitv of thi.s 
profile, a.s a connlei scarp 
revi'lment, proved to be 
54 lbs; its original stabi¬ 
lity before the shingle and 
canvass were ajiplied being 
69lbs., so tbgt. the loss of 
stability, occasionctL Jby, the pressure of shingle thus appliecF, 
may be estimated at 8 lbs. which is i u the proportion of about Jth 
only of the original stabilit)^4»*^ 

Afterw ards we applied the shingle to the same jftodel, in layers 
of 4 inches as before, but using courses of small loose twigs not 



-^ - / 




\ . /■ 

_irr^. 

J __ 


• We used empty sand-bags for this pur|)osc. 

t In three sevorai trials with shingle and cau\aNs, the stability was suc¬ 
cessively 44, 57, and (il ib8«; the average being 34 lbs. 
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exceeding half an inch in diameter, to break the cuiitiiiuity of 
the pressing material, in the manner reprc^'cnted in figure B, 
which being done, the stability of the profile jiroved to be 41) lbs.; 
so that hi this case, the loss of stability may be esLiniated at 
13 lbs. which is in the propoitiun of about ^tii of tlie oiigmal 
Stability.* 

Hence it appears, that this model is fully strong ciioiigii ioi :i 
counterscarp revetment, for supporting shingle, or aii\ sluiilar po- 
feclly loose material, provided tliat the latter is dividid into sepa¬ 
rate horizontal lavers, bN the insertion of iiiteinitdiale coulees of anv 
other substance, such as plunking, cainass, or biiishwood, mIiK'Ii is 
capable of breaking tlie continuity of the pnsMiv^ material. Now 
it was proved by one of our former e\pciiineuls (See I\tble XI, 
Experiment 34o), that the same model had no stabibtv \\hate\c’r, 
as a counterscarp revetment, when the shingle was applied to the 
back of it, undivided by courses of any other snbstaiKc ; and 
therefore it will be evident, that the various expedients, now under 
discussion, may be used to great advantage to diminisfi the pres¬ 
sure of loose earth upon re\ctmrnt.s; which haMug hitherto been 
generally considered an object of great importance, almost all 
writers upon practical fortification ha\e accordmgl} recommended 
brushwood for this purpose, as being the cheapest expedient that 
can be adopted. 

There are threejj^vs, in which the above mate rial may be u sed 
in con solidating the terre pleins of reveted work s; first, by applying 
it in the form oi regular fascines, w Inch need not exceed six inches in 
liameter; secondly, in tiic forni ofjiurdles; thirdly, by merely spread¬ 
ing it loose in courses , not exceeding three or four inches in depHi. 
^^lliichever method is used, the courses, whether of fascines, hurdles, 
or branches, may be placed at intervals of from three to four feet 


* In three serenl trials with shingte and twigs, the stability was succes¬ 
sively 58, 44, uid 45lbs.; the average being 49 ibs. 
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apart: and instead of laying them quite horizontal, they may have 
a gentle fail towards the rear, to caiTy off tiie rain-\>uter which may 
soak through from above, and prevent it from lodging against die 
back of the wall. Fascines w'ere generally used by the French 
Engineers in forming the terrepieins of their fortresses, dtiriiig the 
reign of Lewis the Fourteenth : branches were adopted in prefe¬ 
rence, ill constructing the ramparts of Portsmouth; and the latter 
inu.st certainly be allowed to be a better method, for after the wood 
rots, which must be e^pected in course of time, the mass of the 
terreplein w ill eventually, in this case, have more consistency, than 
in the former. * * 

As the intermixture of any perishable material, can evidently only 
cause a temporary diminution of the pressure of earth upon a revet¬ 
ment, it ceitainly would not be prudent to adopt a weaker profile^ 
on this account, than would be leqtiired, if no such expedient were 
used. In building a fortress, n o diminution of the maso nry can 
theicfi>re a nse from the use o( brushwood, which ma y according ly 

be 

« 

no 


rejected a s a superfluous expedien t; b ut in the parapet^ of fit 
iks, constructed in loose soil, it may be ot great acjvantage.'t 


But the principl e of breaking the con tinuity of the supported 
;arth, although useless and ined'ectual for permanent purposes, if 
nw p erisha bte material is employed, may in m any cases be applied 
lo adv’antage, so as to produce the desired effect#! saving expense. 


* Huxajll es are best of all. They arc more compact than branches, and 
occupy rnucn less space than fast:!lies. 

t In besieging the Castle of Santa Maura in 1810, there being no earth 
in the spot, siiiiigle was used for the batteries, which was intermixed with 
irushwood laid horizontally, and also with fascines, used as headers, run- 
ling through the whole mass at central intervals, by which means it was 
9und practicable to complete the necessary revetments with fascines, the 
iommon method of securing them by pickets alone, without these addi- 
ional precautions, having previously failed. 
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that masonry itself, or any other durable substance, con* 
fleeted with the body of the revetment, is used for that purpose. 
To explain the 

ino^ of con- **,—?—-- 7 m 


stmction, now 


alliided to, let 
us suppose a b, 
in the annexed 

VI-;-'1 

figure,* to repre¬ 
sent the exterior _ ’ 

surface of a re- 

aetment, and that — - - "Tl .! 

it has counter¬ 
forts at certain ...-: - ^ 

* J 

intervals, which I 

instead of being - 

built indepen¬ 
dent of each other, according to the usual system, are connected by 
fifMiers of arches^ jKbich appear in section in the figure, but two of 
which only, i k n p, and a u v q, are lettered, to prevent confusion. 
Tben it will be evident, that, if the revetment, thus constructed, is 
backed with loose shingle or earth, die five tiers of arches w ill pro¬ 
duce the effect of breaking the continuity of the pressing material, 


so that instead of being equal to the greajjtriangle, d c m, the quantity 
^of pressure acting upon die back, c d, of the revetment, will be 
represented by the sum of six small triangles, shown in the figure, 
of which, f c h, is the uppermost, and d r y, the lowest. Now if 
|we suppose the revetment, a b c d, to be of sudrrthicknesSTthlt'the 
Pfessure of the small triangle, f c h, is incapable of breaking down 


* llis and some of the following figures, although referring to dimensions 
uctnally qiecified, have been drawn rather out of proportion, for the sake 
of cleaiuesa. 
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the portion of masonry which is immediately in Hout of the line, 
f c, and that the pressure of the small triangle, s n o, is incapable 
of breaking down that poitioii of masonry which is m front of the 
line, s n, and that, in like manner, the piessure of each of the other 
four small triangles is incapable of breaking down that pdriion of 
the revetment, upon which they respectively act; it follows, of 
necessity, that the whole weight of these triangles must press verti¬ 
cally downwards ; and consequently not only the mass of shingle, 
ix'piesented by the trapezoid, f h w k, but also that, wliich is repre¬ 
sented by the triangle, f c h, or, in other words, the whole of the 
shingle contained in the space, f c w k, must press veitically down¬ 
wards upon the crown, f k, of the highest arch leprcscntcd in our 
figure, provided that tlie upper part of the revetment has Such a 
thickness, as not to admit of its being torn asunder by the lateral 
pressure of that poitionof the same mass, which acts upon it.* 
Now it must he evident, that the revetment cannot possibly be 
overset upon the [uvot, a, without raising the arch, f k, during this 
movement, to a much higher level, and therefore the weight of shingle 
t onlained in the space, f c w k, ojiposes not onl} the rise of the 
arch, but also the fall of the levetmcnt, with its whole weight; 


* If the lateral pressure of any loose material is not capable of tearing 
asunder the obstacle, wliich resists it, it must of course become dormant 
fur the time being. Thus in the body of a waggon, wliose sides arc removed, 
it will be evident, that coals, although a loose material, may be piiod up 
jicrpendiciilarl^, to any required height, provided that they are previously 
inclosed in sacks, and haiil in regular horizontal courses like masonry. 
Now under this supposition, it must be allowed, that the lateral pressure 
of the loose coals, acting upon and resisted by the inclosing canvass, does 
not in the least degree diminish anj part of the vertical pressure arising 
from their weight, the whole of which is supported by the body of the 
waggon. Yet at the same time, the lateral pressure, although dormant, is 
not done way, for if any of the exterior sacks were cut, it would imme¬ 
diately come into action, and cause the loose coals to rush out through 
the apertuic. 


X T 2 
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•nd in like manner the shingle contained in the space, s n p u, by 
actinia on the crown, s u, of tlie arch below, opposes also the fall 
of the revetment m ith its whole weight; and in short, tlie same 
doctrine holds good in respect to all the other arches, which arc 
acted upon by similar masses of shingle, and with a similar tendency 
of adding stability to the revetment. 

Reasoning thus, it will appeal, that the whole mixed muss of 
shingle and masonry, represented in section by the hgurc, a b w i, 
combines together in resisting the pressure of that portion of tiie 
supported triangle of loose shingle, d c m, w Inch has a tendency to 
overset tlie revetment; and therefore, if we suppose the specific 
gravity of tlie shingle and masonry to be equal, the saifl mixed mass 
vnll, as a revetment, have very neaily as much stability, as if the 
whole of the space, a b w i, which represents tlie extent of it, were 
composed of solid inusoiiry. Hence may easily be detennined, 
under any given circumstances, the dimensions proper for A 
COUNTEEARCHED REVETMENT, wliich is the term used 
to designate the profile represented in our present figure, in con¬ 
tradistinction to the oUier kind of revetments, treated of in the 
preceding chapter, which are cidied simple revetments. 

For example’s sake, I have supposed the couiiterarched profile, 
a b w i, to be a rectangle, on account of clearness, although 
any other form, sloping, leaning, or coimtcrsloping, might 
have been chosen for the same purpose. By Experiment 124 , 
Table V, it appears, that a rectangular revetment, whose thickness 
is equal to three thirteenths of the licight, with counterforts 
also equal to three thirteenths of the height in length, possesses 
sufficient stability as a counterscarp revetment. * Now the total 


* In the casetnated work recently constructed at Sonth-sea Castle, near 
Portsmonth, the thickness of Uie counterscarp revetment, which is rectangu¬ 
lar, is equal to one fourth of the height: the counterforts arc square, and also 
equal in length to one fourth of the height, and placed at central intervals 
of four times their width apart. The proportions of this proGle, which was 
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43epth of masoni^, m the rectangular profile, which has just been 
stated, if measured in section through one of the counterforts) is 
equal to six thirteenths of the height. In determining the dimen¬ 
sions of our countcrarched profile, a b w i, we cannot therefore 
well allow less, than the above proportion; on the contrary^ as the 
actual mass of masonry w ill be much less than that of the simple 
profile in question, it will be prudent to make the depth of it rather 
more than six thirteenths. We shall accordingly suppose the lines 
b w, and a i, which represent the said depth, to be each equal to 
one half of the height, a b, in w'hich case the strength of the 
two profiles under consideration will probably be nearly equal. 

Now, to reduce the matter to fixed dimensions, if we suppose 
the height, a b, to be 100 feel; and that the five arches are each 
2 feet thick, w hich is as substantial as can possibly be necessary) 
the six spaces, c f, n s, r d, &.C., into which the supported 
shingle is divided, will each be 15 feet high, and this will of 
course determine the value of the various pressing triangles, 
f c h, s n o, &c., acting on the back of the revetment. But it 
has been proved by Experiment 43, I'able II, that a rectangular 
profile without counterforts, whose thickness is equal to one third 
of its height, is sufficiently strong for resisting the pressure of 
shingle, as a counterscarp revetment.* Accordingly, tlie thickness 


backed witli shingle, so very nearly agree with those of the similar rec¬ 
tangular profile, mentioned in the text, the diflercuce of mass in proportioa 
to their respective heights being only as 12 to 13; that it appeared proper 
to introduce it, partly as affording .some support to my experiments, and 
partly because the counterscarp revetment, which I have just described, 
and which I believe is about 11 feet high, is the only instance, to my 
knowledge, of a rectangular profile having actually been executed. 

* In the experiment alluded to, the thickness was equal to four 
thirteenths of the height only, which is a little less than one third: there¬ 
fore (he latter proportion wdll be ample, fur the revetment of our counter- 
arched revetment; particularly a.s it derives great additional stability from 
the piers and arches, that are united to it. 
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at top and bottom, b c, and a d, of our supposed revetment, may be 
made equal to 5 feet, which being dune, it will be impossible fui 
it to be broken down, in any part, b> the pressure of the various 
triangles, that act iniinediutely upon the back of it, llie height of each 
of which is 13 feel, as was before stated. This being dcteruiiiiod, 
the depth of the arches (f k, s u, &.c.)aiidthe length ot the counter¬ 
forts, which serve as piers foi supporting them, will of course be 43 
feet, the total depth of masonrv, b w, or a i, being equal to 50. 
W ith respect to that part of the revetment, which is above the uppei- 
mostarch, it is already nearly strong enough ^ but, by way of further 
precaution, we shall allow it counterforts (i feet long, one of 
which is shown in the figure, by the rectangle, feet. The piers 
or counterforts, may he about u feet wide, with central intenalsof 
18 feet, which is six times their width, and which will allow a clear 
space of 13 feet, foi the span of each arch. Segment arches of 
uniform thickness throughout, and lather tlat, having a rise, for 
example, of about C feet 6 inches, which ism the proportion of one 
sixth of their span, w ill be the most convenient, 'llic {)erpeiidicu- 
lar height of the lowest aich above the level uf the base, a i, of 
the M'velmcnt, may be l.'> feet J in^dics, at the spring, and 10 feet 
3 inches, at the crown, so that its mean height above that level 
will be 13 feet, accoiding to our funner supposition. 

Such being the dimensions of our .supposed countcrarclicd revet¬ 
ment, ii will be found, by calculation, that the quantity of masoni^, 
contained in this protile, including the revetment, with the counter- 
arches and their piers, and the counterfort above them, will be very 
nearly equal to that of a simple w'all without counterforts, of the 
same height, and having a mean thickness of about \5 feet 
7 inches.* 


* The rongh estimate, from whence this oonclusion was drawn, is as 
follows. 

The area of the revetment, a h c d, as it appears in the section, is 
100 X 5 = 500 superficial feet. - 

The area of one arch, n f k p (or v s u q), as it appears in the section, is 
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Now, according to the seventh rule, given in the preceding chapter, 
m simple counterscarp revetment, countersloping at one fifth, ought 
to have a mean thickness of |lh of its own height, besides counter¬ 
forts, adding to the mass of masonry, in the proportion of a con¬ 
tinued wall having a mean thickness of one twenty-fourth part of 
tile height; and consequently the mean tliickoess of a simple wall 


= 45 X 2 = 90. There being 5 arches, multiply by that number, and 
90 X 5 = 450 superficial feet for the whole. If the arches were flat, the 
above would be a just estimate, but m consequeace of the curve, about one 

450 

fifteenth part more must he added. 450 + tt = superficial feet, will 

10 

therefore represent the true value of the fnc arches. 

The area (»f one pier, d r x i, is r: 45 X 15 = 675. There being 5 piers, 
iniiltiplv by that number, and 675 X 5 = 3375 superficial feet, will give 
the area of the whole, as they appear in the figure ; but as the masonry of 
the piers occupies only one sixth part of the space in rear of the revetment^ 

3375 

the above value must be reduced in proportion, and accordingly rr 

5621 superficial feet, w'jll give the true estimate of the piers. 

The urea of the counterfort, feet, ^ove the uppermost arch, is = 6 
X 15 z: 90, of which, for the same reason, that applied to the piers, one 
90 

sixth part = — = 15 superficial feet, must be taken for the true value. 


Recapitulation. Superficial feet* 

The revetment ------ 500 

The five arches ------ 480 

The five piers ------ 568| 

The counterfort ----- 15 


Total value of masonry in the section - - 1557f 


Hence, as the height ef the profile is 100 feet, the above result must be 
divided by that number, and the quotient w'iil be equal to 15*575, or to 15 
feet 7 inches nearly; which accordingly shows the mean thickneia of a 
simple wall, without counterforts, of the same height, equal, in quantity of 
inasoury, to the coimterarched revetment, represented in otur figure. 
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equal to a revetnieut and counterfoiU so proportioned, if calcu¬ 
lated according to the above rule, is 29 feet, 2 inches. 

The quantity of masonry, contained in the connteraiched pro¬ 
file now under discussion, uiii theiefore be, to that contained in 
my countersloping profile, in tiie piuportion of lol to 29g nearly, 
bmng only about one half of the iattei ; and thus it appears, that 
by a judicious application of the principle of breaking the con* 
tinuity of the supported mass, a counterarched re\etineut may 
be built, equal in stability to a simple revetment, in which 
this principle caunot be applied, and at the same time, with a 
great saving of masonry, that is to say, in very high profiles, such 
as W'e have just taken for an example : for in lower profiles 
file saving will be less considerable,* and when the height is so 
much reduced as to be under 20 feet, the common simple revet¬ 
ment, of the nature described in the preceding chapter, requites so 
small a quantity of masonry, to support the retained earth, that for 
a reason there stated, it may seem rather expedient to augment, 
than to endeavour to diminish it. 

In the example of a counterarched profile, v\hich has just been 
given, the supported earth wA not raised higher than the level 
of the top of tlie revetment, and therefore tiie total depth of 
masonry was made equal to half the height only, a propoition 


* This principle caunot be efTcctually applied to low revetments, for a 
sufficiently obvious reason. If we supposed, for example, our couuter- 
arcbed profile, represented by the figure a b w i, to be 30 feet high only, 
instead of 100, and that the other parts wore reduced in like proportion, 
the yiickness of the revetment would be 1 foot, the height of the p'crs and 
oonnterforts would be S feet, their width being 71 inches; the span of 
each counterarch would be 5 feet, and its thickness or depth not quite 5 
inches. Such arches and walls would evidently, from the minuteness of 
their parts, be ridiouloas, as they could neither have cousisteury nor 
dfuability; and yet, unleas ao constructed, it will be equally evident, that 
a proportional saving of masonry cannot be obtained. 
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xvliich will suffice for counterscarp revetments, in case this principle 
were applied to them; but whoi it is applied to demijevetmeiltSy 
or partial scarp revetments, it will of course he proper to ' 
make some addition to the mass of masonry used, and accordingly^ 
y^ths of llic height may be chosen, as a proper din^usiou for 
the total depth. 

If therefore, iu the following figure, we suppose the principle 
under consideration to be applied to a scarp revetment of thirty 
feet, Mhich is a good height for that of the main inclosure of a 
fortress; we may allow .'■) feet 6 inches for the thickness, b c or 
a d, of the revetment. The arches, g e f h, and m i k n, will be 
each 14 feet long, and may be 1 foot 6 inches thick. The piers, 
d in n p, and i g h k, will also be 14 feet long, and may be 10 
feet a inches in mean height. This will leave 6 feet for the heigb^ 
e c, of the counterfort, 
which may be 3 feet 
long, that is to say in 
mean length, for it may 
be made coiintcrsloping, 
in the manner shown by 
the trapezoid e c 1 o. 

The piers and counter¬ 
forts may be 3 feet 
thick, and placed at cen¬ 
tral intervals of 18 feet 
apart, as in the last ex¬ 
ample. 

Calculating according to these dimensions, it wifi be found, 
that the supposed counterarched scarp revetment, 30 feet high, 
represented in our figure, will be equal in quantity of niasoniy to a 
simple wall of the same height, having a mean thickness of 6 feet 
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8| inches;* whilst the simple countersloping profile of the same 
height, recommended b3r me in the preceding chapter, including 
its counterforts, is equal to a wall having a mean thickness of 10 
fec^ if used as a full scarp revetment; but if used as a partial 
■carp revetment without a berm, it is equal to a wall ha\ ing a 
n^an thickness of 10 feet 6 inches. (See Tables A and B, in 
pages 6S8, and 629.) Thus by adopting a counterarched scarp 
revetment, in preference to a simple one, there may, in a height 
of SO feet, be a saving of rather more than one third of the total 
quantity of masonry. 

Itudll be evident, that there might result a still greater economy of 
materials, and vet little or no diminution of stabilitv, in the counter- 
arched profile, by building the counterfoits hollow in certain parts, 
and connecting the vacant space.s thus formed by arches, as repre> 
aented by the dotted parts of the figure, in the last section; but 
unless the piers were of very extraordinary length, as in our first 


* The rough estimate is as follows. 

Revetment 30x31= .jo.s 

Arches 2 (each = 14 X 1|) = - 42 

42 

Add one Hfteenth part of the above for the curve = 77 = 2*8 

15 

lOf X 14 

Piers 3 (each = —) =. 49 

.r, .. 6X3 

Counterforts =- 3 

6 

Total superficial feet ----- 201-8 


Hence the mean thickness of a simple a all without counterforts, equal 

8 

to the above, will he = = 6*726 feet, or by reducing the decimal, 

SO 

to 6 feet 8 i inches nearly. 
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example, it would scarcely be worth while to have recourse to this 
expedient. 

As a further iliustratiou of the nature of a counterarched revet* 
ment, 1 annex a figure, representing the rear elevation, of the 



masonry work only, of one constructed with two tiers of arches, 
wliich will therefore correspond with the transverse section of tfaf 
masoniy of the supposed scarp revetment, shown in our former 
figure. 

1 shall next npply the principle, now under consideration, to 
a counterscarp revetment, vhich shall be supposed to be 22 feet 
high, and which might also be represented by the last section, {See 
page 640), pro\ ided that all above tlie level of the horizontal line, 
b s, were cut otf. In this case, I would allow the thickness (b c, or 
a d) of the revetment to be 2 feet 8 inches; the depth (f h, or k n) of 
the two arches to be 1 foot 3 inches, and their rise to be 2 feet 3 inches; 
the length of the arches and of the piers (g h, or in n) to be 8 feet 4 
inches; the mean length of the counterfort to be 3 feet; its width 
and that of the piers to be 2 feet 8 inches; and their central inter¬ 
vals to be 16 feet, which is 6 times their width; and the mean, 
height of the piers (i g, or d m) to be 8 feet. 

By using this profile, it will be found, that there will be a saving 
of about three eleventh parts of the quantity of masonry, that 
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woldkl b« required for my simple profile of a counterscarp revet- 
meut of the same height. * 

Lastly, as an example of the mode of counterarching a lower 
coBBterscarp revetment, 1 shall suppose the height to be only 15 
£aat» In this case one counterarch may suffice, which may be 1 
foot 3 inches thick, B feet in mean height above the base of tiie 
revetment, and 5 feet 4 inches long; which will also determine the 
length of the piers. The thickness of the revetment, and that of 
the piers and counterforts to be each ^ feet 8 indies, the span of 
the arches to be 13 feet 4 inches, and their rise 2 feet 3 inches, ail 
of which particulars are the same as in the last example. 

Using these dimensions, it will be found b> calculation, that 
the connterarched counterscarp revetment of 15 feet, which has 
hera described, will require fully as much masonry, as is neces- 
iaiy to enable my simple countersloping re\c(meiit with coun- 


* The rough estimate is as follows, 

Revetment 2* x 2-0G6 =:. 58 6666 

Arches 2 (each 1’25 X 8’333) =. 20 8333 

fO-8333 

Add one fifteenth part of the above for the curve ——-— 1'3888 

15 

/ . 8X 8 333 % 

• Piers 2 ^cach = - - — j zz . 22*2222 

3*5 X 8 

Counterfort = — - zz . 1*75 

o 

Total superficial feet - - - - 104*75 


Hcace the mean thickness of masonry of a simple wall without counter* 

** 104*75 

fmrts, equal to the above, will be == —=: 4 feet 9 inches nearly: but 

the mean thickness of a wall equal to my countersloping counterscar}) 
revetment with its counterforts, of the same height, is = 6 feet, 5 inches 
(See T«ile C, pM^e OSO); so that the former may be built with about three 
eleventh parts less masonry, as stated in (be text. 
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terforts of the same height, to resist the pressure of earth acting 
upon it. * 

Hence it appears, that in low revetments, the saving of mt- 
sonry to be obtained by adopting a counterarched profile, 
is inconsiderable or null. It is true, that the dimt^nsions of 
the several revetments might have been still further reduced, 
in tlic above examples, by giving to the various portions of the 
back of each a counterslope in rear; instead of making the 
whole of uniform thickness from top to bottom; but as Z 
must again repeat, the reduction of the mass of w'atts, below 
a certain limit, is to be reprobated. Even in those cases, however, 
in which there may not be a diminution of masonry, the counter- 
arched profile may uo doubt sometimes be preferable to any of the 
simpler form**, under certain circumstances, the determination of 
which must be left to the judgment of the Engineer employed* 
Like the countei sloping profile, it has the great advantage of being 
perpendicular exteiiuriy ; and us far as regards military works, ex¬ 
perience has pioved, that it is more difficult to effect a practicable 


* The rough estimate of the eountcrarched resetmeut is as follows: 


Revetment 13 x 2'0(}0 r:------- 40 

Arch = 1-25 X j'333 =. 6-0666 

6*666 

Add one filleeiitli part of the above for the curve = —^ r: 0’4444i 


8 X 5-3.33 

Pier= --g- 


7.1111 


Counterfort =: 


5-75 X 3 
6 


11-5 


Total superiicfal feet - . . - . 65*6111 

Hence the mean thickness of masonry of a simple wall without counterforts, 

equal to the above, will be 4 feet 4 ^ inches nearly, whilst the 

Id 

mean thickness of a wall equal to my countersloping counterscarp profit* 
and its counterforts, of the same height, is also 4 feet 4i inches 
C, 630). 
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breach in a counterarched scarp revetment, than in any other. * 
With respect to the workmanship of the arches used in this kind of 
profile, it will not be so expensi\ e, as that of common arches for other 
purposes; because in works built of stone, irregular long stones may 
beaelected and used, without the trouble of cutting them by a mould; 
and in all cases, wooden centering may be dispensed with, bv carrx - 
ing up the raiiiiiied eartlj, in the various rh.imbers beneath each tier 
of arches, to the proper height, before tlicse arches are begun; and 
givmg to it, at top, a form corresponding to the proposed curves. 
As we know ,by experieiKe, that excavateti eaj lli ma^ be compressed 
into a smaller space, than it originally occupied in its natural state 


* Coonterarebed revetments were recotnmciidcd b> C'u.striotloaii Iluliaii. 
amd Speckle a German rngiiic< t. the latter of whom died in ijilo; and were 
aik^ted about or soon after that period, in tlie roiistrnr lion of .vr\ci:(l 
fbrtrMSes. In the siege of DiUemburgii in (jerinany. in the .sr%rn years' 
war, more than usnaldifikult) wa.s cxpenein ed in breaching the revetments, 
which were constructed according to thi.x sihiein. In the siege of lladajuz, 
in Spain, when attacked b} the Jinti^h in larj, the j[>iers and arches of a 
easemated flank proved a great obstat le to ihc cfTect of the breaching guns, 
that were directed against it. 

The Cotonera works, in Malta, planned bv Valperga, a PiedmonttHie, 
about the 3 ear 1610, the main im losiire of whn h only is linished, iiavc a 
counterarched scarp revetment, which in some paits is of exfranrdinar}’ 
height; one curtain Inking, to the best of m) lecolleetiun, not less than 80 feet 
high. Some of the chambers, forined bv these countcrarchrs, oic filled with 
znbhisb: others still remain empty, and have been fitted up as a kind of 
casemates, although evidently, they could not originally have been intended 
as such. These works are remarkable for the apparent disregard shown to 
the nature of the ground, w Inch has been the cause of tin* great height to 
which some parts of the profile have been cicvatud: but a still mure striking 
instance of the same negicet is observable, in a project fur fortifying Rabato, 
the coital of the island of Gozo, drawn up by the same person, whb, 
althoD^ the situation is totally unfit for a fortress, proposed to occupy it 
by an extensive regular polygon, the outline of which would inclose the 
base of a bill on which the town is built, and which if it had been carried 
into effect, would liave been plunged into, at the distance of about 150 yards, 
by another higher bill opposite, at the foot of which bis w'orks would lie. 
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ill the ground, there is no likelihood of the earth settling, so as to 
leave vacancies beneath the counterarches of revetments, so con* 
structed, provided, that it is properly rammed during the executiofi 
of the vi'ork ; nor indeed would such settlement, if it actually took 
place, be a matter of any importance, as it could be attended with 
iiltle or no prejudice to the strengtli of the profile. 


Another mode of increasing the base, and thereby the stability 
of reietmcnts, without augmenting the mass of masonry to that 
degree, that would be necessary in a simple profile, has also been 
recommended ; which is by building the revetment hollow at certain 
intervals, and afterwards lilling these empty spaces with earth or 
liibbish, or any other material, cheaper than masonry. In laying 
down rules for this mode of construction, vertical coiinterarches, 
abutting either against the rear of the front part of the revetment^ 
or against piers or counterforts projecting from it, have usually 
been recommended, so that the cells or cavities, left in the 
masonry, do in some part of them resemble niches or upright 
segments of a hollow cylinder, as may be understood by the annexed 
figures, which represent a plan or ratlier a horizontal section of revet> 
ments, so constructed, and in both of which tlie upper line is sup* 
[)oscd to denote the exterior surface of the wall. 



As far as regards the general section of such works, it will be 
evident, that it may be either rectangular, leaning, sloping or 
countersloping. In most cases it will be best to connect the whole 
of the n^asonry into one mass, by forming rather flat inveited 
archeS|^ binder each cavity, so as to constitute one continued foimda- 
tioj^.of solid masonry. If the cells were circular or semicircular 



(M ELEMENTARY FORTIFICATION, chap.xxvi. 


io Aeir outline, and consequently cylindrical or semicylindrical in 
dieir general form, these arches might be constructed like inverted 
domes, or half domes; but if tiie outline of the cavities Uieiiisclves is 
not regular, the inverted arChes must also necessarily be irregular. 

In addition to the above precaution, the concave revetment, 
now under consideration, nia\ be further strengthened by running 
one or two thin horizonlal coutses of brick-work or masonry, at 
certain intervals, across the ceils, purticulaily when the latter are to 
be filled with any loose substance, such as shingle, and it will also 
be expedient to arch them over at top. The auiK'xed figure repre¬ 
sents the section of a revetment, so constmcteii, in which, provided 
diet the cells are filled with any tolerable hea^y material, it will be 
evident, from the principles 
beibre laid down, that the sta- 
Infity of the profile, as opposed 
to a pressure in rear, will be 
veiy nearly equal to that, w hich 
would be obtained, by building the whole mass of solid masonry. 

Having found, on applying this principle to a scarp revetment 
of SO feet in height, that there was not likely to result any very 
great saving of masonry, when compared with my simple counter- 
aloping profile with counterforts, unless the dimensions of the va¬ 
rious parts of the supposed coneaxo profile had been reduced 
smaller, than appeared to me advisable in practice, I shall not 
attempt to give any detailed examples of it, but shall conclude by 
remarking, that 1 do not know of its ever having actually been 
used in militaiy works, nor do 1 recommend it for^uch.* 


u 


* Tbe kind of profile, novr under description, was proposed, but without 
ay inverted arches, by a French engineer called Charpenticr, jn 1742; 
and Colonel Mayniel, in bis treatise before quoted, suggests, tii. t if tbe 
eells were left hollow, and connected by doors of communication, they \aigbt 
eidier bo oseful as a kind of small casemates, or might serve in lieu oi 
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1 have now discussed almost every form that has either been 
actually j^iven or recommended to be given to rexetments, w’ith 
the exception ot one peculiar kind of leaning revetment, that has 
of late been adopted by some of the civil engineers in this country, 
for the retaining walls of wharfs and wet ducks, the back and front 
of which, as shown in section, ate not right lines, but circular 
arcs. 


h d X h 

I ' ^ 



In the annexed figure, which represents a section of the kind of 

profile, now alluded to, the general fotm of tlie revetment and of 

its counterforts, is found by describing three concentric arcs, a d, 

e f, and g h, from a center c, assumed somewhere on the same 

horizontal level with the top of the proposed work. The length 

• 

of the ladius, c d, of the smallest arc, has usually been from to 


galiericii. But on inspecting the plui and section, given by him, as an 
illuslratiou of this idea, it appears to me, that for a scarp revetment, the 
usual disposition, adopted in coniinon caseinates, is much preferable ; and 
oen for a eountcrsc-aip, if for any reason a continued gallery of the usual 
form were rejected, 1 would, in preference to the scheme aliiided to, build 
a range of ebauih^, exactly resembling small caseinates, and roofed as 
such by common aMlies, oceptiug Uiat in rear 1 would connect the piers, 
not by a wall carried on in one coutinned right line, but of a curved form, 
so as to oppose a vertical coiinterarch to the pressure of earth. 

The only instance, to my knowledge, of a concave revetment being 
actually^xeented, is one now building in his Majesty’s dockyard, at 
SheermSu, under the direction of Mr. Rennie, which shall be described in 
a Sitime note. « 
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9 times the total perpendicular lieight, a b. Tlie thickness of 
masonryi of the revetment d f, has generally been made in some 
ntfiO) between cme fourth and one fifth of the said height; and the 
leogdi and M'idth of the counterforts have generally been equal to 
idtout one ninth part of the same, their central intervals being 18 feet. 
*He summit of the revetment has usually been crowned by a course 
of large coping stones, as shown in the figure, belo%v which tlie 
general level, ii p q, of the top of the masoiirv', has been made 
nearly horizontal. At bottom, the base of the revetment and 
ccnmterfort have sometimes been laid out in one continued inclined 
plane, coinciding nearly with the radius produced, a g, but more 
usually with a somew hat smaller degree of obliquity, that is to say 
in an inclined plane approaching more nearly to a horizontal level. 
Sometimes the base of the revetment and that of the counterfort 
have been laid out, not in one continued plane, but in such a 
manner as to form two different inclined planes, nearly parallel to 
each other, both deeper in rear than in front, and of the same 
depth in rear, as represented by the lines, a o, and r s, in our figure. 
Sometimes again theTront part of the base of the masonry only 
has been laid out according to an inclined plane, such as, a o, whilst 
the remainder of it, from some ^ven point, such as, o, backwards, 
has been laid out horizontally: but in no case, has the base of 
the masonry ever been made horizontal throughout. ^ 

The wharf walls of the West-ln^ Docks, which I believe 
were the first specimen of this kind of profile, are constructed 
nearly in the manner represented by the above figure. Hieir 
dimensions are as follows. The radios, c d, of the smallest arc, 
d, is 72 feet: the perpendicular height, a b, ^f|29 feet, includtug 
a foundation of idioat 2 feet deep: the base, b d, of die slope, 
formed by the exterior curve, is 6 feet; the tliickoess of masowy, 
o p, of the revetment is 6 feet; and the counterforts, r piq s, are 3 
feet square, and placed at centnd intervals of 18 feet apai^. The 
general foundafion is broken into two inclined planes, a ikttf t. 
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III the retaining walls of the Limehouse entrance bason, the 
height, the radius of curvature of the exterior suiface, and all other 
particulars, arc the same as above, with the exception of the thick¬ 
ness of thc*revetment, which is only 4 feet 6 inches; and this last 
is probably one of the thinnest profiles in proportion to its height, 
that has hitherto been executed. In both of these examples, the 
re\etmeiit and counterforts were built of brick, the coping only 
being of stone.* 


* The aboi c works w ere planned by Mr. William Jessop. I have uiice 
seen a section ufa wbarf-a all of a similar description, and also 29 feet fa^, 
proposed, and about to be executed, by Mr. Rennie, Mliich may be undeir- 
stood by a reference to the same figure, and of which the dimensions are 
as follows: the radius, c d, of the exterior curve is 87 feet, aud consequonUy 
the base, b d, of the slope thereby formed, is equal to 5 feet nearly. The 
arcs are concentric, as in the former example, the tliickiiess of the revet¬ 
ment, n p, which is to bo faced uith very large stones, backed ivitb brick, 
being 6 feet 0 inches: the counterforts are to be 3 feet 9 inches square, and 
placed at central intervals of 18 feet; and are to be built of brick, except¬ 
ing in two plares, a here they aie to be cDiiuerted to the revetment by 
binding courses of stone running through the whole body of the work, and 
placed at equal iulcr\alB apart. The foundations both of the revetment 
and counterforts arc in the same plane, which appeared to coincide nearly 
w'ith the produced radius, a g. 

It is to be observed, that, aliliongli concentric arcs sebm to be the favoti- 
litc system, they have not always been adopted. Ror example, in the en¬ 
trance bason of the East-India Docks, the revetment, Which is SS feet high, 
and the exterior eursc of which is so proportioned, that the base of thh 
slope thereby formed, is no less than 10 feet, is 3 feet 6 inches tliick at 
top and 7 feet 6 inches thick at bottom, the back of the wall being also 
curved, but described from a dilferent center, as Well ak by a greater radios. 
In this work, whichg^as planned by Mr. Walker, the revetment is built 
large stones, and the counterforts of bricks. The latter arc S feet 3 ihcltMi 
wide, and placed at central intervals of about 18 feet apart, and krh nearly 
perpendicular in rear, so (hat their length varies from 1 foot 6 inctfhs at 
to 7 feet ^nches at bottom. Their foundation is laid out neafly boilMtiltld, 
and is of^e same depth as the back of the base of the revet fiihiit, tifb latter 
being^ia inclined plane, deeper in rear than in front, according to the nsnal 
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Upon the curved leaning revetment, which has been 
dettcribed, 1 shall remark, that its peculiar con<itruction adds 
greatly to the trouble, uiid in some degree to the expense, of the 
workmanship, and therefore appears to me objectionable; the 
more especially, as 1 do not see that the least advantage can be 
derived from the curve, in oppositi(tn to a pressure of earth in 
rear; for, although built in the archiike form, the wall cannot 
possibly have any strength as an arch, nor can it even, with pro- 
|Hiety, be considered as such, since it has rttily one nbuimcnff 
Whenever a leaning protiie may appear advisable, 1 slu’uld there¬ 
fore cerbuiily recommend using a simple right-lined section in 
preference to a curved one, unless the whalf or other uall about to 
.be formed should hap)>eii to be exposed to the beat of the sea, in 
which case a curve may peiliaps he considered more advantageous, 
as being less liable to be injured by the shock of the waves.* 

I have already sufbcieiitly stated my opinion, in the preceding 
chapter, that, of all simple profiles that can be adopted, the 
counterslopiug is the best for military purposes but altliough re- 


* Mr. Smeaton, iu constructing the stone Lijrht*house, which is a 
round tower, tlie masonry of whieii alnue exceeds <30 feet in height, and 
of which the diameter, every where iticonsiderahio in pro|>ortion to the 
above, is much greater at the hase, than in other parts, has laid nut the 
exterior of the work, as it appears ill section, not in one continued nglit 
line, but with a curve, lather eoiicavr towards the bottom, which form, 
he conceived, would he the best adapted for resisting tiic break of the sea. 

Mr. Telford, in a sea-wah, built by bis direction, at Aidrussan, iu Ayr- 
ahire, ill| a situation expu.'ted to the Irish Sea, has adopted a cuhvld slop- 
IMGYROFILE, that is to say, one curved exteriorly, hut perpendicular iu 
rear, to which he has added countcrsloping counterforts. The ba.ve of the 
revetment is laid oat according to an inclined plane; that of the counterforts 
b hoiisontal. 

t The general tenour of our experimenb with shingle secmii^to prove, 
that, in thin profiles for retaining loose soil, the countcrsloping ir^^xrtainly 
die weidrest If, therefore, the durability of wafts, built with ^ii;rV)iior 
slopes, could be depended upon, I should not have hesitated to recommend, 
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commended by some recent mi iters, I am not aware that it has 
ever yet been used in woj ks of any magnitude.* This opinion, in 


for military Mork*, a lc<ining prfifilc m itii counterforts, in preference to 
all ntliers. If usoil as a pariial scarp rc\ctmcnt or ilemirevetmeat, a lean¬ 
ing profile hating a thickness equal to one fourth of its height, would, 
1 conceive, be strong ciitMigii in all cases; whilst, if used as a counterscarp 
revetment, a ihicknc'is i>f one fifth of the height, onl}, would sufiice; which 
profiles might of course he hiiilt at less expense of masonry, than the coan- 
tersloping iintfilcs, actually recommended, for military works, in Rules 
VI. Vll, aiid \ III, and more fiill^ detailed in Tables A, B, and C; and 
nliich, upon the niioie, ail eircunistances considered, appear to me to bo 
the best, 'i lie coniileit irts, in holii pioftles, might be equal. 

• M. (i’»\ dll \ enioii, a I'reiich eiigoieer, einplo\ed as professor of foiti- 
ficatioii. at the r*iU tet-'ii:i( Si at I*., i.s, in a work, published in 1805, 
cutitb'd. “ i raite J^lementaiie d'.\rt Miiifaire et de I'ortitieation,”u the 
first writer, to ]n> kiiouiciUe, nbo lias recommended the couiiteralopiog 
profile ; but in so doing, be begins by remarking, that it had been already 
proposed by sc^mal engineers, nhose names he does not specify. Ho 
allows, to his searfi and eonntersearp revetments, an exterior slope ofono 
twentieth of the lieigiil, and a eoiiiiterslopc in .steps, equal to one eighth of 
the height, so that the additional thickness, gained towards the bottom by 
this eonstriietion, is rather more tlian one sixth of the height. He varies 
the tliickiieHs at top of his scarp rc^etm(‘nt, at ditferent heights, and in tho 
same proportion nearly that was recommended by llelidor, and be allows 
rectangular conntertorts to it, at fixed central intervals, of about 16 feet 
4 inches; hut he iniike.t his coiinlerscarp revetments, of uniform thickness 
at top (alHint 3 feet. inches) and without uouiiterturts, which 1 coucei^e 
to be a very faulty construction. 

The first instani'p of a countcrsloping revetment, actually executed, that 
has rnino to my knowledge, is the gunwharf wall at Portsmouth, building in 
ir 99 and 1800, which, besides a certain exterior slope, has steps in rear 
equivalent to a ooiintcrsbipc, but 1 do not recollect any of the details. 

The sea-wall, building at Liverpool in 1806, is a second and more 
ronipicte example of this kind of profile. It was 30 feet high, 7 feet 6 
inrbes thick at top, and 15 feet tliick at bottom, witli an exterior slope of 
one twelfth, and a regular coimferslupe (without steps) of one sixth of tlm 
height. It bad eoiiiilerforts, 15 feet wide, placed at central intervals of 
86 feet d^art. ’J'hese counterforts were 27 feet high, and 15 feet long at 
the bi^, which length is continued to the height of 15 feet upwardi<: front 
tjjn.rfc it is reduced by three Kuccessive ottsets, nearly equal in width, and 
at intervals of 4 feet in height, to 4 feet 6 inches, which ia the length at 
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&Toiir af the countenlopiiig profile, is the result of conviction, 
an^g from the experiments made with a view to investigate the 
8Ub)ect; for, imtU these were tried, 1 must confess that I doubted, 
whether it would have sufficient strength to render it an eligible 
profile for practical purposes, notwithstanding the great advantage 
of its exterior perpeadicularity. At that time, there appeared to 
me good grounds for believing, that a leaning revetment would be 
found to be the strcH^est. And, indeed, but for the serious dis¬ 
advantage attending its exterior slope, this last^mentioned profile 
would be exceedingly well adapted for works of fortification, 
becauae, fi-om its having an uniform thickness throughout, it is 
more substantial at top, tlian either the sloping or couiitersloping 
, revetment, and consequently has a greater power of resisting an 
eiMNlQ^’s batteries,* for in breaching the revetments of a fortress by 
ceimoD, there is no ncxressity, whatever, for firing at the lower part 
of the wall; because, when the upper half of a revetment is bat¬ 
tered, the stones, or bricks and rubbish, knocked oil' by the balls, 
fall down at a considerable slope, and bury the remainder of the 
wall entirely, forming a practicable ascent throughout. It is, 
therefore, not surprising, that the leaning revetment ha.s been 
lecommemled by many writers, t but 1 know only one instance of 


Uq». Thus, not only the revetment, but also Uic counterforts, are counter- 
sloping, the latter, towards the top, in a more than usual proportion, fiwr 
the steps there are e^idvalent to acounterslope, whose base is seven eighths 
of its height. Large masses of freestone were used in tlie construction 
of dris wall, which was built by tide work. 

• It may here be remarked, that, it would be very ill-judged, if, with 
a view ta rewt cannon shot more effectually, any engineer, in planning 
m fortress, were to increase the general thickness of masonry, beyond that 
doe proportion, which is sufficient ftsr resisting the pressure of earth, and 
insoiing the duralnlity of the work. For, in a warmly contested siege, it 
is'not to be expected, that above 100 running yards of revetment should 
be battered, whereas tlw outline of the reveled works of a large fortress 
may be several miles in extent. 

t Speckle, a German writer before mentioned, recommended IcauMBff 
rerdbiients of mii/brm thickness'throughout. There is reason to believe,^ 
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its having been used in a profile of respectable height: I allude to 
the fortified town of Sedan in France,* a bastion of which, on 
l>eing pulled down in 1805, was found to have been reveted in the 
following manner: 

The walls had a perpendicular height of 32 feet, and paralld 
slopes of one-fifth of their height, both in front and rear; but 
instead of being made of uniform thickness, according to the usual 
custom, every portion of die back of the revetment, between two 
adjoining counterforts, was laid out in the form of a semicircle 
so that these parts were built like concave semicylinders, the least 
thickness being 5 feet 4 inches, which was equal to one sixt^ part 
of the height, and the greatest thickness bang 10 feet, 11 inches. 


that Cocliorn used leaning revetments, whose exterior slope was rather 
greater than their overhanging hlope, so that they were somewhat thicker 
at bottom than at top. Charles Bisset, a British engineer, who served 
witJi the rank of lieutenant, in tlie famous defence of £crgen-op-Zoom in 
1747, and who appears ta have closely studied the works of Coehorn, in 
his Treatise on I'ortiiication, published a few years afterwards, recommends 
leaning scarp revetments,4 feet thick at top, and having an exterior slope of 
one third, but an overhanging slope of two fifteenths of the height only, so 
that the masonry gains in thickness towards the bottom, in the proportion of 
one fifth of the height. His counterscarp revetments lie makes only 3 
feet thick at top, hut similar to tlie above in oilier respects; and in both, 
instead of counterforts he proposes to use horizontal courses of flat stones, 
projecting about S feet thnn the back of the revetment, thicker some 
inches in rear than in front, so as to form a dovetail, their least tliickness 
being about 5 inches, and perforated by (wo or three holes, for pioketing 
them into the mass of supported cartli by oak stakes. He proposes that 
these binding stones, as be calls them, should be engaged about l foot in 
the masonry of the rev’etmeut, and that there should be one horizontal 
course of them iii every 8 or 10 feet of height. 

If foatiiug revetments were to be used in military works, it may be, 
remuked, that one of uniform tluekness, with common counterforts, and 
with a s^ialler exterior slope, wvnld be preferifole to the above. 

• The works of which are supposed to have been constructed by Pasinp, 
ail Ifalinu engineer, who published a book on fortification in 1579. 
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Behind these semicircular portions were counterforts, 3 • feet 
inches wide, and placed at central intervals of 14 feet 5 inches 
apart: they were vertical in rear, being 4 feet long at top, and 
10 feet 5 inches long at bottom; so that their mean length was 
equal to 7 feet 24 inches; and consequeutly, on taking a con¬ 
tinued section right through the revetment and one of the counter¬ 
forts, the mean thickness or depth of masonry, meaviired fiom 
front to rear, was 18 feet 1-J^ inch, which was in the proportion of 
rather more than ths of the height.* The annexed figures, in 
which the corresponding parts are distinguished by the same 
letters, represent a section, and a foundation plan, of the revet¬ 
ment, which has just been described. 








But although the above singular profile is the only right-lined 
leaning revetment of any magnitude, of which I can find an 
account,'!' profiles of this description, on a small scale, have been 


* 1 have taken the above dimensions from Colonel Majnict's work, but 
emi^cting, by help of one of his plates, an error, which appears to have 
enqit into his text, regarding the length of the couutei forts. 

t'It is true, that, towards the right of Chatham Hues, both the scarp and 
coontencarp are faced with leaning brick revetments, aliout S feet thick, 
and.»iNiTing slopes of rather mure than one third, witliout coonterforts. 
Bat altbougdi the height of the scarp revetment, alluded to, is not less than 
S4 feet, it is to be <d>80rved, that, on both sides of the ditch, the wails are 
built against chalk rock, which has no tendency to fall; and, therefore, this 
examine does notfifibrd any rule for revetments, intended to suppqrt eom- 
mon earth; iMurtknihu'ly, as in all those fiarts where the chalk p; oved 
nnsound, a greater thickness of masonry was added. 
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in constant use. For example, in Fort Cumberland, near^Ports- 
nioiitii, all ti)c interior slopes of the parapets, as also the cheeks 
of the embrasures, and the extremities of the various portions of the 
banquette, arc reveted by leaning brick walls 14 inches thick, with 
slopes of |lh.* The interior 8]o|>es of the parapets of the covered 
way, and of the traverses, in permanent works, are also frequently 
reveled in a similar manner. 

m 

llie use of brickwork for the smaller revetments of fortified 
places, jvtich ns have been described, is very common, and as &r, 
as economy coucerned, it is eeitaiiily preferable to sodwork, 
which lia** also fiiqueiitK been iccd for the same purpose; as the 
latter is tMceduigh tioublesonie lU execution, and requires con¬ 
tinual repairs. Having nitioduccd this subject, I shall remark, 
that of iiKiny forms wbidi have been proposed, rectangular sods, 
about 8 inches wide, niid If) inches long, to be built headers and 
stretciiero, hke common bricks, are the best: and that sod revet¬ 
ments, when such aie used, ought not to iiavc a less slope than one 
third of the height; for if built steeper than the above proportion, 
the woik will soon decay, even if the revetment were capable of 
standing, which is not likely.i* 


* The parapets of this work, nliich are formed of earth, have also an 
exterior brick revetment, 4 feet iiigli, 2 feet 9 inches thick at top, and S 
feet (hick at bottom. 

In llie interior revetments of the parapet, described in the text, the 
foundation is atmnt 1 foot tleeper than the base of the banquette, the total 
height of brickwork being 8 feet 6 inches; so that in fliose parts, where 
there arc no emlirasures, nearly one half of it is buried. The fonndati<m 
IB 1 foot 8 inches thick; the thickness of the remainder of the wail beingi 
reduced by offsets to 14 inches, at the height of about 1 foot 3 inches firMe 
the bottom. 

t These remarks are made from experience, having myself, unsuccess¬ 
fully, tried steeper slopes, and other forms, siieli as triangular sods, trapoaoids, 
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As small fanck revetments, although much more durable than 
•odworky are not convenient, when works are actually attacked, a 
better mode than either, in large fortresses, at least in those parts 
where diere are no embrasures, will be to form the interior slopes 
of die parapets with a base equal to the height, by which means 
dl^ will be able to preserve their form permanently, although 
unreveted. In this case, the perpendicular height of the parapet 
must be S feet 10 inches, or 4 feet only, and the width of the 
banquette not more than Q feet. And the same profde may be 
l^4^pted for the salient places of arms, and branches, if not for the 
^wbole of the covered way.* The section of the paiapet of a 


Ite. wlacb have oAen been recominendcd m itii :ui idea of economizing that 
awteiiaJ. 

In building niUi sods, the grass is laid undermost, and wooden pins arc 
generally used to bind the work together, liiaeb coarse is usually 
ahoat Si inches high, so that 34 sods will build 10 running Ihet in length, 
and 1 foot in height, of sudaork; by wbich proportion, the number of 
•ods necessary fmr reveting any part of a work may easily be calculated. 
If the grass is good, 100 snperficial feet of ground ought to furnish 11S| 
aeds of the dimonsious stated in the text, but in this last calculation, 1 
have made no allowance for waste, so that 1 sod per superficial foot of 
ground, would probably be a proper estimate. Sods cannot be cut by the 
conunon qMule, without great waste both of time and materials. Two sod 
a|wdes, both of a pointed form, arc necessary for this purpose, a small one 
to be worked vertically by the foot; and a large one to be pushed borizon- 
tdly forwards, by tiie hands and thighs. 

To build sod revetments, properly, is one of the most tedious operations, 
iBrWhidi men can be employed. Stone or brick walls may bo constructed 
wWinadi gwatef celerity, and with mneb less expense of workmanship. 
£ideed i have found by experience, that three or four batteries for heavy 
gmstk might be commenced and finished with fascines or sand-bags, in a 
muck smaller space of time, than proved necessary, merely for reveting 
with sods one single battery of the same descripUtm, after all the laborious 
parts of the wwk bad previously been completed. 

' * TUs to which 1 do not see any serious objection, parti- 

mdarlj if the covered way is palisaded, would, if adopted, lead to the nsc 
traverses, in lieu of the present more common form. 
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curtain, or other work of a fortress, so regulated, is exemplified 
by the aitnexcd sketch, in which die dotted lines show the steeper 
interior slope, and broader banquette more commonly used. 



It will be evident, by inspecting this figure, that the profile« now 
suggested, which is much cheaper than auy other mode 
construction, will be sufficiently convenient for the use of mi||P 
quetry; * for if an enemy attempted a sudden assault, Ae baiH 


♦ The same profile will lie ecpially suitable for the parapets of field 
works, iu tended to bo dolcnded by oiusquetiy, if materials for revetiitg 
them are not to be had. or scarce. 

With a similar new of economy, some French authors have recoah 
mended, for the interior of the parapet of a fortified place, a very different 
profile, from what I have suggested in the text; for they propose to lay out 
the tiliovc part of the work, without any banquette, in one continued 
slope, whose base shall be a little greater than the height, as represented 
by the line, a b, in the following figure; alleging,that the banquette may 



soon be formed, in case the fortress slionid be attacked, by scarping away 
the upper part, deb, of the above slope, and applying the materials, ti^e 
obtained, to the bottom of the same, in the form, e a d. (Set Soutmmrfi 
Ettai General de FortifieatioH, and St. PmVt Traiti Collet, &c.) 

A very little reflection may serve to convince flic reader of the glaxhig 
defects of the system, now under consideration; for, if a place, whoan 
parapets w-ero so constructed, were suddenly attack^by^wnnlt, it is 
evident, that it wonld be quite impossible for the gafiKm TO «moy the 
enemy by a fire of mnsquetry, unless they climbed upon the ^ of their 
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queues are in such a seniccable state, as nil! enable the defen¬ 
der's troops to act to advantage ; if, on the coiitrar}’, he should laj 
regular siege to the place, whicii is a work of time, the prohle of 


own parapets, and formed there; in which case tlie^r would themselves be 
more exposed than the firiiitr parties of the assailants. 

An idea has been suggested t» Capt. Keid, of the Ro}al Rngincera, 
that in certain peculiar eases, the interior of a jjarapet may be formed 
without any banquette, not in the mode, which has just been commented 
ipon, in which the slope ia too steep for the niovemeHls of troops, but at 
Dcb greater slope, such as f b, having a base of about three times iU 
bt, so as to be practicable fur men throiigliout its whole extent. If 
Ulis plan were carried "into eftect, it will be c\ident, that a soldier, after 
advancing to a certain height up the slope, will come to stiiitc point, h, 
where he will be able to tire over the parapet, aad yet derive* coiiHidcralde 
cover from it, against an external enemy ; and lu an assault, a body of the 
besieged may move forward in good order, and chaige the bead of an 
cscalading party. 

Captain Reid parlienlarly retommend.s this piofilc f(>r the salient places 
of arms, and the adjoining biaoclic.>< of the covered way of a regular 
fortress, wIiich parts ( f the covcied vvay, he conceives, ought not to he 
constantly occupied and manned, ns a defensive post for troops during tlia 
course ofa siege; and, consequently, that they should neilber be palisaded 
nor travenu'd, according to the common system. If so constnicteii, the 
above-iiicutioned portions of llic lovercti way would serve for as.>einbling 
the troops, destined for a .sortie, who might march out from tiiencc in large 
bodies, both of cavalry nmi infantry, regularly formed for the attack, in- 
atead of debouching by small sections fiom the eoimnoii sally ports: 
and, after the afiair was ovei, they would also have a gicuter facility of 
retiring in good order, suppoitcd by iescrvc.s, posted in the rc-c‘ntcTirig 
places of arms, which arc the only pails of the covered way supposed to 
bepdKMded and retrenched, lu a cuvcicd way, constructed Mceording 
to Capt. Reid's system, if wc siipjiosc the lieighl of the crest of the giaeis 
above the general level to be 7 feet G iuclics, and the total width, 
raeaauiing from that poiut to the biink of the counterscarp, to be 31 feet 
6 inches, the base df the revei.se slope of the glacis ought to be about S2 
feet0inches, wbich is in the pioportiou of three times the height; for 
experience has shM'n, that men i luinot conveniently act on a much steeper 
■lope, if tbelkigi|iiXoeeds 3 fed. ilencc there would remain, towards 
the rear of the coieieU way, a level space of 9 feet only; but as th« 
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any part of the fronts attacked may very easily be altered, if it 
should be judged necessary, to the more common form represented 
by the dotted lines. 


CHAP. XXVII. 

THE SAME SUBJECT CONTINUED_OF THE MODES OF 

SECURING UNFAVOURABLE FOUNDATKiN.S, BY MEANS 
OF PILESAc.—COFFERDAMS AND CAISSONS EXPLAINED. 
— REMARKS ON THE THEORY OF ARCHES. 

ill' 

Having, *.1 the three preceding Chapters, fully discussed the 
general principles, according to uhich the form and dimensions of 
revetments ought to be regulated; it now only remains to explain 
the mode of securing their foundations in unfavourable soil, lii 
treating this part of niy subject, I shall not enter very minutely into 
details, as the consideration of these belongs rather to Practical 
than to Elementary Eortitication. 


slope in front of it would also he peifccllv practicnhle for every movement 
of troops, the narrowness of this space is not an objection. 

As applied to tiie advanecd portions of a covered way, the suggestion, 
which has just been stated, appears wortliy of atteutiou. W itli lespect to 
the parapets of defensive works, w e luuiid, on trial, that there is a very 
serious disadvantage, in so great an interior alope; namely, that the rom> 
moil means of securing men, posted in rear of a parapet, by sand-bags, 
creiinei baskets, &c. forming loopholes for them to lire through, whilst they 
rest their pieces on the superior slope, cannot be used to advantage, ia 
this new prolile, unless the defenders were either to kneel in an incon¬ 
venient attitude, or to lie down, which would be still more auk ward. If, 
in any case, it should be judged essential to have a practicable ascent to 
the top of a parapet, I should therefore recommend, in preference, dividing 
the height of the interior slope, as measured above the level of a common 
banquette, into three equal parts, and at each of the two intermediate 
points of division, to form a step of i foot in width. 'Ue r^rof each step 
should bo reveled with a oonpie of courses of fasejnes, ro asTo stand nearly 
perpendicularly: otherwise, even this method would remove the banquettt 
too far from the interior crest of the parapet. 
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Tlie unfavourable soil, alluded to, is that, vliicli is of a soft 
nature, so that, when loaded witli any massy body, such as a u vet- 
mcnl or substantial building;, unless due precautions, which shall 
be described, are pieviousiy taken, it must necossuriiy gi>e way 
und^the weight; and as such soil is seldoiti of an uniform natutr*, 
it will yield in some places more than in others, so that the nalK, 
being unequally supported, will crack in various purls, and ccitain 
fwitions, being separated from the remainder of tlic masonry, will 
slide for^vards or fail; or if neither of these effects takes place, 
the work will remain in a ntinous and unserviceable state. 

The best expedient for securing foundations, in jsueli soil as 
has been described, is to drive down strong pointed piles of timber, 
hooped at top, and shod at bottom with iron, at regular cential 
intmtals of from 5 to 4 feet apart, within the whole extent of the 
apace, that is proposed to be built upon. After these piles w ill go no 
deeper, whether from meeting a stratum of more tenacious soil, or 
otherwise, * their heads arc sawed off at any height judged most con- 
irenieut, and are connected by transverse beams or sleepers, of proper 
strength, of which there is sometimes a double row, forming a kind 
grating: over these arc laid strong planks, seldom less than 4 inches 
thick; and upon this planking or wooden platform, is built the 
fouudation of the required wall or revelmciit. The piles may either 


* Before the foandation of any great work is riimniciiced, the nature ol 
the soil beneath must always be exaniincd willi great rare, which is done 
Ilf probing with an earth borer, or large ati'rie, made tor the piiqiose, 
bving its shank composed of a great number ufjtuuts of moderate length, 
screwing info each other, by means of which the operation may be con- 
tiaaed to any depth judged necessary. This instrument, being uccasiou- 
aOy polled ont of the ground, by a gin and tackle, or other convenient 
aai^ine, always brii^ op, in the hollow part of the augre, a specimen of 
liw lowest stratum of soil pierced by it. The persons employed, in thus 
•oanding far tffoniihdiOD, ought not to stop, on finding a luwd stratum, 
as gravel, ficc. bat should ascertain by boring deeper, whether the 
pMaaif td'it is sufficient to insure the safety of the proposed work. 
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be driven into the ground vertically, or wUh a certain degree of 
ubli(|iiity. The operation is performed by means of an engine 
named a pile driver, in which a great weight, called the 
MONKEY, or sometimes the ram, is raised to u considerable 
height, and then suddenly dropped upon the bead of the pile, 
v\ hich process is repeated, as long as it continues to produce any 
effect. 'Flius the foundations of revetments, or other walls, so 
secured, are in reality supported by the piles, not by the surface 
of the mud or soft soil, with w hich the planking beneatii them is 
in immediate contact. And as the force of percussion, by Nvhicb the 
piles arc originally driven, is much greater than the mere pressure o( 
deadweight, it follows, Uiat if the piles are of proper strength, aftor 
each of them shall have been driven as far as it will go by the 
f«>rmer foicc, by means of a pile-engine of sufficient power, there is 
no possible weight of masonry, which can afterw'ards be brought to 
press upon them, that will be capable of sinking them deeper.* 
Hence a revetment may derive as much security in soft soil, from s 
properly piled foundation, as if it had been built upon solid rock. 

When piles are used in foundations, the total number necessary, 
together with their thickness or strength, ought, of' course, to bear 
a certain proportion to the weight of masonry, eventually to be 


* Mr. Perronet, a civil Engineer, who executed sone of the finest 
bridges in France, in bis Description des Projbts et de la ConstmetioB 
dcs Fonts,*' ike. asserts, that tJie shock of a monkey of600 tbs. weight falling 
4 French feet, is equal to the pressure of a weight of 773,000 H»s. French: 
but be grounds this opinion solely, upon an experiment, tried by another 
Frenchman, who is said to have ascertained, that a body weighing only S| 
lbs., if drop|>ed through a height of 7 inches, will produce an effect equal 
to ^bat of a dead weight of 400 lbs. I conceive, that it would be desirt^ln 
and useful to have some experiments for investigating this subject, tried 
on a larger scale; for in the above, both the weight of the body dropped, 
and the height of its fall, appear to me too ins^nifiouit to aA^ eithh 
factory grounds for calculating the effect of inch great weighta, •• ar* 
commonly med in pile driving. 
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supported by each, uhich ina;. be calciiiaUil. * The strenjjih, 

pro|>er for each pile, must aisi», iu moiuc decree, ui |hiu! tlu* 
nature of the soil, for it iiui»t be e\ideiit, ihut wlieu that has lukt 


• For exampir, if the searp le^r'.uciit.s of llio niclofin'of .> fulsl.cj 
place arc foiuidtHi upitii pil, '!. nlaccii ril intnvaN (>1 .'ijtni}. tlirn- 

will be one pile to e>en siipeirnal >ard tif liiiin<ia1ioii ; and (■oiim <|<.*‘iith , 
if the licij^lit IS supposed to be do ieet or 10 \aids, earli pde will ii.ui’ to 
support lOeubie \arcls of inaMiiiri ; to some td ^lin-Ji tiia\ be addetl .di.i.ii 
S cubic yards of cajlb, if the piofile is p.oli.dl,^ reseted. u ithont a heim. 
Now, if wo supp-ive the ie\etnieiit lobe built of stone, \\n;;rhin^ It'ilbs. 
per cubic foot; and that the earth alnue it wei;;iis loolhs, pereiiine tool; the 
weight pressing upon one pile will be I3,t!00l!>s. of masonry, uud d,iw lh«. 
of earth: total, 51,300 lbs. 

In the foundation of bridges, the pil(‘.s tinder each pit i aie more leaded 
than those of a common reTetment, for they ha^e not only to snjipert the 
weight of masonry, resting Tertieally o\er them, hut also that of one eom- 
plete arch. For example, in the bridge of Ni'iiiily, near I’uri.s, eoiistiiieted 
by Mr. Perrooct, the arches of wliiih arc 12U tret span (English measure) 
the weight of masonry resting upon the foiuidatioii of each pier is i-i|uai to 
about 15,417,648 English pounds, which being supported by 135 piles, the 
weight pressing upon each pile is eonseqiieiitly ctpial to about 114,201 Ib^. 
These piles were of oak, and about iiirhes mruii diainetei, and cut oll'to 
the average length of about 13 feet, after being dri\<‘n home. 

Mr. Perronet is of opiiiinn, that round oak (ules, such as have geiicially 
been used in France, if ot tj or 9 inches mean diainetei tuily, should not 
be loaded witb moro than 50,000 lbs.; hut tliat piles of 12 iiiehes iiieuii 
diameter may be loaded w'llli 100,000 Ih.s. each , and that generally speak¬ 
ing the weight to be supported should bo i.i ptopoiiion to the square t>f the 
diameter of the pile nearly. 

It will be obvious, that the motihies used f<ir driving fi imdation piles, if 
dropped from an equal height, should be in diieit pioporliiiii to the weight 
of masoory evetrually to he supported. Monkies of various weights, from 
1000 to SOOO lbs. have commonly been used for this purjiusc. Those ge¬ 
nerally employed at the bridge of Noiiilly were of dilTereiit weights, Irum 
about 1160 to 1530 Enghsh lbs.; and were worked by pflHius of from 36 
to 47 men, pullinf together, by means of small ropes attached to a gteat 
or principal nipe, who did not raise their respective mookies more than 
about 4 feet 6 triohos at the utmost, previously to each blow. IJenee on 
a referenco to the other particulars, before stated, the execution of tbo 
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sufficient con'tjstency to prevent the upper part of the piles which 
are driv^ii into it, from beiuhntr or moving laterally, wheu acterl 
upon by a certain force, they might, if their thickness was incon* 
8iiierable,be liable to Ik; bent or broken, sotnesvliere tovvards the top, 
by the Ntiperinciimbent mass of masonry, notwithstanding that they 
might remain |>erfectiy well secured at bottom.* Hence the piles 


bridije <if Nouilly may be consiilprocl as a practical experiment, on a great 
scale, proMiig that the shock of a body of about 1200 tlis. falling through a 
space, of wry little nioie than 4 feet, is superior to the action of a dead 
weight of rather nioie than 114,00()tbs. 

la driving {mIcs of i'lom 48 to jS feet long, and from 31 to 35^ inches 
thick at the top, such as formed a part of the piers of a large wooden 
bridge at Saumiir, we are informed by the same author, that it was judged 
necessary to use inoiikics weigbiug about 4320 English pounds. This was 
owing chiefly to the extraordinary thickness of the piles. 

Pile engines worked by a great number of men, by force ofliand alone, 
arc called, by workmen, kingino pilf. enginfs, to distinguish them from thn 
common pile engine more generally used in this country, in W'hicb the 
monkey is raised to the lieight of from 25 to 30 feet, by the labour of fonr 
men. aided b\ macliiiiery. In the former kind of pile driver, which has 
almost always been used in France, 1 am not aware that the monkey has 
ever hecii raised more than about 4 feet or 4| feet at the utmost, according 
to the system before mentioned, which practice must of course be very 
Iirejudicial totlie efleet of tlie engine ; and a perseverance in It can tbere^ 
fore only be a.seiibed to the power of old habits; for it must he evident, 
that by adillcreiit arraiigeineiit of men hauling, the weight might be raised 
by them to any given height, whether aided by a mechanical power or not. 

The apparatus for working the pile engines, coinmuniy used in England, 
is very compact and simple. It consists of an iron wheel and axis of 
moderate size, worked by a small iron pinion, to which, motion is commu¬ 
nicated by a couple of w inches. The fall, or lower end of the ebain, by which 
the monkey is raised, is attached to aud winds round the axis of the wheel. 

* One of the piers of a bridge at Tours, supported by do oak piles, 
8 feet long, and about 9^ inches iiicaii diameter, suddenly gave way ia 
1777. The W'cij^t of masonry pressing iijioii €‘aeh pile, at the period of the 
accident, is calculated, by Mr. Perroiiet, to have been equal to about 
106,212 English lbs.; which, according to his opinion, stated in the pre¬ 
ceding note, was more than double of what ought to have been applied 
to piles of that scantling. They were firmly fixed at bottom, in very 
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used for supporting a revclmeiit, in ver\ soft soil, ought to Im 
tliicker than others ol equal length, intended to support a siniilui 
revetment founded opoii soil, whose upper surface has a greatei 
degree of teiiaciu. 

As a further precaution for securing piled foundations, it is alsr 
usual to clear out about IS inches of th<^ mud or soft soil, and tc 
fill up the vacant spaces, thus formed between tlie heads of the se¬ 
veral piles, with rough biiekwork or rubble masonrv, which is car 
ried up to the same height as the top of the sleepers or grating, sc 
as to correspond with the level proposed for the bottom of th« 
planking. 

But to enlarge upt)n the proper dimensions and use of foiinda* 
tion piles would lead us loo far into detail. 1 sliuli therefore oiii) 
remark, that in revt tuuMits, sin li as are applicable to military 
purposes, it can never he necessary to use piles more than 1 fool 
in mean thickness, or to place tiiem nearer to each otlier than at 
central interv'als of 3 feet; for experience has provetl, that pile*', so 
regulated, if driven by engines of sufiicient power, aie capable of 
securing the founclaUons of much greater masses of masonrv, than 
are ever used in work" of fortification. 

It is moreover lobe rcmaikedjthat there have been many instanet." 
of revetments sliding forwards, in consequence of the prcssuic of 
earlli in rear of lliem, when built upon verv- had foundations.* 


tenacious soil, hut thf rri::r(iiiiu'' j/nf-. of liu-ni, towards the fop, deiivcd 
little or no aid fjoni tho f-urr-^undui^C -oil, which was of a soft (|iialit). 

It is oh'ious that ■^lilrs in this predicament, .supported at holloni only. 
' may heconii»ared to wntiden pillars, in architecture, the thii’kness of which 
must always be incr<*asctl in pioportion to their height, although there 
may he no difference in the aclual weight to be supported^ 

• The searji revetment fiflhi* face of a ravelin slided into the middle ol 
the ditch at Bergnes St.Vinox, in Flanders, about the beginning of the 
liMt century : pari of the old wharf at Woolwich slided forwartls into the 
Tliames ahoOt fhc year 1750: and at JaKers, a coairter.scarp revetment, 
said to have been constructed from time immoniorial, suddenly slided upon 
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ll is iheret'ort* not sufllicient towards llie stability of a profile^ that 
the piles liavi- strcMi;i)i eiioimh to sustain the whole weizht of 
the niiooniy, and j)ie\eiJt it from .sinking; unless further precau- 
tioiis aif also taken, to render it impossible for it to slide forw'ardi 
upon the plutforiii, wiiuli stives as its ba.se. 

Ill order to effect this objct i, a continned line of exterior piles, 
neaily tom bing each otliei, is somt-liincs dnven, immediately in 
tiont (tf the levetnunt, the heads of winch, by projecting a little 
inglier thmi the bottom o! llie niasonrv, will of coui‘-e elfectually pre¬ 
vent It bom inoMiig. Sometimes strong limbers, laid longitudinally 
all along tlie loot of the \^all, are used for llie same purpose, which 
must be fninlv connected with the e\teiior piles orgiating; but in 
lln^ ease it is not nee» ssarv, that the exterioi piles siionld be driven 
near to each oliiei, as in the former metiiod ; consequently the pre¬ 
sent IS the most ecoiiomieal expedient of the two. Instead of 
eommencmg llie woik horizontaliy, according to the practice 
wine!) is common and [)iuper, in walls not intended to retain earth, 
^c., the foundations of revetments, particularly in bad soil, should 
alwavs be laid out according to an inclined plane, which roust 
nccessaiily uvsist greatly in couiiteiacting the almve tendenev ; and 
when tins aiiangemcnt is adopted, a part of the supporting piles, 
partit'ularly those towauls the front, should be driven obliquely, in 
.1 liirectioii perpendieuiar to the said plane, or nearly so. These 
obvious priiu'iples have, of late, been generally acted upon by 
Piactical Engineers. 


its fouiidalioij, iji 1807.—(.See Heliclor^ Seieuee dcs Iiigciiic‘iirs,'’Mullcr.s 
IVaeticiil I’oililiealioii,” ami iMavmei’s *‘ Tiaile,” &:e.) 

Fnini a siinila^iui.se, it has often happened, that even the sides ui hills, 
roiisisting of coi^Werable tracts of kind, and covered with Jioirses, gardens, 
\.c, lave shiled to u considerable distance, when the natural stiata below 
the surface have been oblique, sous to form iiielined planes, falling towards 
a ravine or valley. Such aceideuts arc most likely to be mused by internal 
water acting upon au inclined stratum of clay. A memorable accident of 
.iiis kind happened in France, in 17^)3, at Pardiiies, JiMur l.ssoire, in 
Auvergne. 


X X 2 
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It is to be remarked, that a continued line of piles, touching each 
other, driven along the front of a wall, &c., either contiguous to, 
or at some small distance from, the foundation of the work, w ith a 
view of securing it, as above stated, are called sheeting piles, in 
order to distinguish them from cominon foundation piles, &c , 
and when this term is used, it always implies half piles, if nothing 
is specified to the contrary. 

As such very bad foundations scarcely ever occur, excepting on 
the sea shore, or on the banks of rivers, or in marshy situations, 
where harbours, wharfs, bridges, or fortresses with wet ditches arc 
to be constructed; it has almost always been found necessary, in 
executing such works, previously to inclose the spot, intended fur 
the foundation, by a dam, and to clear out the water from it; an 
operation which is often the greatest difficulty to be eiicuimtered. 

The dams, made for this purpose, are called cofferdams. 
They are commonly formed by driving dow'n tvio continued lines 
of piles, parallel to each other, at a certain interval, to any depth 
judged coiivcnicut, and afterwards hlluig up the intermediate 
space with clay. 'Flie piles used in cofferdams are either called 
WHOLE OR HALF PILES, according to their scantling. The 
former are from 12 to 16 inches square. Tlie latter are rectan¬ 
gular, being of the same width as the former, but only from 6 to 
kiclies thick.* In commencing a cofferdam, the general line of the 
work is determined, by driving strong piles opposite to each other in 
pairs, at intervals of about 10 feet apart. These serve as guides for 
regulating the others, which may either be composed of whole 
piles, or entirely of half piles, according to cirrumstances, the 
latter being used in preference, for the sake of economy, when¬ 
ever the pressure acting upon the cofferdam is inconsiderable; 
but, whichever kind is used, the} must always bfUdriven as close 
to each other as possible. Cofferdam piles are sometimes 
grooved longitudinally, or plowed, as it is styled, on two op- 

* When the thickness is less than 6 inches, they are sometimes called) 
.4)i1e planks. 
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posite sides, for receiving a vertical rod, called a tongue, which 
connects every adjoining pair of them together ; and any PILING 
thus connected, is said to be Do\ etailed.* 

ICach line of cofferdam piles is strengthened near the top, and 
also towards the bottom, by strong beams or ribbands placed 
horizontally, and firmly spiked or bolted : and the opposite sides 
of the coderdain, which inclose the space intended for building, 
must be connected and braced together by strong transverse 
liiiihers, butting against the said ribbands, to prc\ent the piles from 
being foiced out of their proper position, by the pressure of the exter¬ 
nal watei ;t and when the length of these timbeis is considerable, 
they must either be siippoiled by intermediate uprights, or if that 
is not convenient, they imist be ti ussed, as it is called, according 
to the principle, u inch it has been found necessary to adopt, for 
strengthening the tie beams of the roofs of large buildings. Iron 
bolts, penetrating through the mass of clay, &c., of which the 
body of the cofferdam is formed, arc used at certain intervals, for 
connecting the opposite piles and ribbands, both towards the 
bottom and at top. 

When the depth of water is considerable, it is absolutely neces¬ 
sary, that the body of the cofferdam should have a certain thick- 


* This CNpiession is used without any reference to the form of the 
tongues, whieh are usually reef angular or nearly so. Sometimes dove¬ 
tailed piling has been executed by using piles, plowed on one side only, 
and tongned on the other, which method is, of course, attended with 
greater waste of timber than the former. 

t 111 forming a ('oflerdain, after the first or guiding piles of each line arc 
dri\cn at open intervals of about 10 feet, as was before stated, one or two 
pairs of horizontal ribbands are fixed to them on both sides, opposite to 
each oilier, between which, grmives are of course formed ; and through 
these grooves, the intermediate piles are afterwards driven, which arrange- 
iiienf is of great use, by confining them in their proper position during the 
Operation. Such of the above ribbands ns would interfere with the clay, 
or oilier material forming the body of the coflerdam, may afterwards be 
removed, the remainder being left, for the purpose stated in the text. 
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iless, and weight, in order lo enable it to resist the pressure of tlie 
exteiiial 6uid, especially if it is, at the same time, eNjxJsed to ilie 
direct action of tides or currents : and clav, as bemji a watei-iinht 
substance, has generall\ been adopted for that purpose, as w.'u 
before stated, lint it having been found, that h mass ol «la\ \\as 
liable to swell, and to bulge or breA the cofVeiduin piios, Milhm 
M'hich it was inclosed, this mnieiial has in sonic cases been 
rejected, and bricks liaie been chosen in preference. 'Jdiese, by 
their weight, an* Mtll calcidateil for lesisting the aeljoii of the 
excluded water, anc! being hod in hori/ontal courses, tin a have 
no tendency, like cla^, lo injure tin* woodwoik b} a late ral pres¬ 
sure, and consequently a brick cofl’eidaiu ina\ he i<'t*aiu<d cluefiy 
by half piles, sxbilst if clay were used, whole piles would he abso¬ 
lutely necessarv tliiouorhout, for the seeiiriiy of llie bod\ of tlie 
work.* Rut as the foruiei iiiateriui is not water-tight, like the 
latter, it is iieccssary, in foi ming cofferdams with hnekwork, to 
caulk the joints of the inclosing piles. 


* Ihelie\c that this expcihrnt was lirsf resorted to, inroriiiiiig llie rolTer- 
dam for the i»ier walls nf the new hitson, now e\ei utiiig iii His Alufeslj’s 
dock}ard at Sheeriiess, l)> diretoioii <d' Mi. Heiiiiie 'I'he liotl> ol the eolTcr- 
dam is retained by two parallel lines ol pile;.,ehiefl} eoiiMstiiig orhall'pileK.or 
from C to 8 iiiehes thii k. inleiinixed, in geiieial, at iiiterMils ol' 1(» feet, 
with whole piles of duulilc that seaiitliiig; the strongest <d lioth kinds, 
and the greate.st proportion of whole piles, being of nnirse used in the 
deepest water. These iiichwe a space of C, or in some parts of 7 feet, in 
width, wbieh is filled with dri biieks built in regular hori/ontal courses 
mixed with fine sand; and in front, the base of llie work is increased and 
strengthened a mass of elai. from 8 to 12 feel wide, wlneh is retained 
by a third line of piles, also eliieH} consisting of half piles mixed w ith a 
similar pmporliuii of whole ones. I'bis )jart of (he work is from 8 to 18 
feet lower than the foiiner, wiih tiu: exception of the whole piles used in 
it, which are of the same height as those of the body of the coflerdam; and 
which serve lo snppoii tempoiary scaffolds, for the landing and stowage of 
materiahi. The joints of the principal piles are caulked. 

The clear width of lhe space, inclosed for building, as measured from 
front to rear, is about 471 feet. The sides of the coflerdam are braced, 
interiorly, at iiiter\al.s of about 20 feet, bj two very strong traiibverse tim- 




COFFERDAMS. 


679 


Wlien the depth of water, to be excluded, does not exceed 20 
feet, or theieaboiits, at hinli water, and liie line of work/to be 
executed, is not exposed to the direct action of tides or current, 


lu rs (»r tie-Ix-ams, each at«»ii( 4r)[ feet lenir, one at (he heig;ht of 4 feet, 
the oIIht jjeiM'ralh at tlie lieisrhl ol ahoul 21 feel fiom tlie top; both of 
winch aic NtioiiicU Iiii.ss«mI t«*jfellier l»\ tiamc work, and butt afrainst hori¬ 
zontal iilthumls iKjt less tlian 1 toot .s(|iiaie, fixed to thejnles; to which 
iihlninds tho aie also coniu'ctcd lo sinils on eai li side. Some of these 
lie-lit ain.s aie, lor gieater stienu'-ili, li rmcd <i| scleral pieces of timber 
bolted io<;ethcr. In ptoptnlioii us the nius()!ii> rises, the lower tie-beams 
aic leiiiiocd. and slioitei piei cs Iniliiim a^i^auisl each side ol tho wall are 
sOhsiitiiled iiisic.id nl ti.eni. Stroim non bolts, about 10^ or lit feet long', 
passmst tillon;rli the Innk w oiK, ]-i lucipal piles and nidiunds, liiacethe body 
ol ll.c ci,(!ei«!.i:n. lei li iieai il.i lop ,iiid towards the bottom, at intervals 
1,1 111 let t I. 

I'he tup ol the eMcnoi jnci wall is cicrt wlicie on the same general ho- 
ii/ontal le\cl, but the toiindaiKiii is laid out on dillcrent hwels, according 
to till'depth of the cxicinal wati i.i^e. (’oiisefjiicntlv, the height of the 
poilioi) Ilf wall alicaif> executed\aiics troin la to .$2 feet. 'J'hc piles, used 
in the bod\ ol the eollerdaiii, ate on th(‘same leud. at top. with the pro- 
post d iiiii.soiuv : and their length \aries, in s.iiioiis paits, aeeordiiig to the 
iiei;;hl ol the coilespoiidnig poition ol tlu'wall: but. in no ease, lia^e they 
been dii\cn to le ss depth than K) t« et lielo^t the fiiiiidatiuii of the mn- 
s(mr\, winch is almost e\('i\-w’ln te coriMiletalih f.wei than the original 
le^el of the lied ot the iner. In those parts of (he work, v^here the wall 
is about .")(i ie<>i hi>;h, (he iuerage lenglli of the (iiineipal eonordaiii piles is 
said to be ubiuit .'<(( ieet: in oihei pnils their ieii«:ih is (won more than the 
abo\e, piiitieulail) iieai the proposed entrance of (he l)a.son, where, in 
eonsoqiieiiee of the giealer depth ol water,iv.c. some of the piles driven 
tile said to hate been nearly 70 feet lonp. In tliuse parts, where the 
depth IS eoiisideiafde, before the e\ea\aliun for the foundation of the nia- 
sonrv could be foiined, it was found neeei«sar\ to seeurc both the front 
and lear of the coUerdam, interiorly, h> sheeting pilo.s, driu ii a few feet 
tioni the base of it. All the wood woik, that has hifheito been men* 
limiod, is of pine. 

'I'lic revetment ilsrif, which was nllnded to in a former note, shall also 
be described, it being the only exaiiijde, to riiy knowledge, of a concave 
frrKiTle, that lias jet been executed. The dimensions, Hint shall flrst he 
•slated, are sutli as would nil appear in a tiansversc section of tho work, 
snp|)oscd to lie taken in liiitl portion of (he wall, where the total hrJght 
IS ;'<J IVet, liiioiigh (he middle or widest pul of one of the cavities or 
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strij^U against it, either perpendicularly or nearly so, a second 
aocf^impler mode of effecting the same object may be adopted, 
which is as follows. 


fselU. The fnint of the ^all is a leaiiiii^ nine, (iescrilied Im a radius of 
8S feet6 inches, of uhieh the per|ieiidinihtr i)ci!::ht is .'>0 feet 4 inclics nearly. 
The base of the ma.sonr} is laid out in front, according to an inclined jilaiic, 
in the direction of the radius produced, to the distance of 4 tcet dinclu's, 
within which space it fails about 1 foot K niches : after which the reiUHinder 
of it, extending 20 Icet, is laid out lionzontulU, the total thickness at the 
base being S5 feet. In rear, the wall is toniicd u ith smull oflsets to the 
height of at least 6 feet upwards. In winch the thickness of the work is 
gradually reduced to the dimensions that shall he staled. Aho\c these ifte 
back of the wall is carried up pei|ieii<lieulail>. 'I he thickness ot ni.nsoiirv 
in front of the middle of each cell is 4 feet 0 inelic s; the eciiiial width of 
each cell is 8 feet 8 iurhe.s at to|>, but it iiieteas* s, towards the bottom, in 
oonacquenec of the Icdiiing rune gi\rn to the tioiit part of the leietmeiit. 
The ceils are not cuntiiiiicd down so far us the hnse of the woik, hut ter¬ 
minate each, lu an iiircrted arch, tlie rise of wliieli is about 4 leet, the 
least thickness of masonry below it being 2 feet. 'I'he ma.sonr\ in rear ot 
the cells is perpendicular on both sides, and ol the iinitoriii thiekiicss of 
1 foot lOinches, ahose the le%el of the hefore-inentioiied ollsets: anil eoii- 
sequeutly the total tliickiie.ss oi the woik at lop, as it appears in our sup¬ 
posed section, is !.'> feet. 

The details, that shall ne\t be stated, aie sueh as would .'ip|M-ar in a 
plan of the work. The length oi tiie cells, which is supposed to he mea¬ 
sured in a dircfdion parallel to the general line ol the te\ctinent, is 17 
fcet9 inches; and they are di\ided from each other h\ potititui walls 
S feet 3 inches thick, so that their distance tioiii center to centei^ is 20 
fccL 111 front and in rear, they are houiidiul h) serlical roiiiiteiarches, 
abutting against the said partition walls as pieis. The span of the cuive, 
which forms the trout cuiinteiarch, is 17 feet, and its height 1 foot 6 inches, 
so that the greatest thickness of masonry in front of the cells is 6 feet; 
the least thickness, opposite to the centre of each being 4 Icet 0 inches, as 
wal liefore stated. The span of each of the curves, which form the rear vertical 
eonntcrarcbes, is also 17 leet, and the height of the same is about 3 feet ; 
the thickness of masonry of these iast-mciitioiicd eoniitcrarches being ge¬ 
nerally equal to 1 foot 10 inches, as was before iiientioiied. 'J'liiis the upper 
part of the work, as it appears in a plan, is hounded in tear hy a series ol 
arcs of a circle, so that it is of irregular width ; its greatest width at tup 
being 15 feet from front to rear, according to a measurement supposed 
to be taken over the ceutcr of one of the cells, as was hcfoio slated, and 
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This consists in forming the cofferdam, hy means of 
tinned single line of piles only, inclosing the space, that is to beliailt 
upon, 'lliese piles, nut being aided by a mass of clay, bricks, <Mr 


itN letuit width at top being 12 feet, M'liich last measurement is supposed to 
be taken o\er otic of flic partition ualls or piers. At bottom, the width of 
the base of the work varies from 22 tfi *25 feet. 

It IS proper to remark, that the iinerted areli, below eaeli eell, is not a 
simple areh, as it would appear in a eentnil transverse section, but a kind 
of IIregular elliptical dome ; having a use of 4 feet aiiii a least thickness 
of masonr} of 2 feet below the erow n, as was before stated. The front of 
the wail IS built u itb large blocks of Aberdeen and Cornish granite, in courses 
of 18, 1.'), and 21 inrbc.N in beiglit, the foints of vibieli radiate from the same 
center, wlierewitli the cvteiioi enr\e is desenbed. All the exterior bori- 
zontui joiiiti arc cliarnfered. 'f'bc remainder of the masonry, including the 
\erti('al eoiinlerair|je.s, and jtieis, and in\erted domes, is of brick work. 
The cells are filled with chalk laid in eoiir.ses, and grouted, excepting al 
top, where it is propo.sed to lay a continued paMngof large flagstones, ex¬ 
tending over the whole work, for the sake of greater strength. The foiin^ 
dations and front of the wall are entirely cemented with puzsolana, whicli 
is the best kind of watcr-ccinent know'n: and a proportion of the same ia 
also mixed with the mortar and grout, used in the remainder of the work. 

In othei parts of the pier, w here the height is less considerable, the thick¬ 
ness of iiiasoiir> 111 front of the eenloi of each ceil is gradually diminished 
from 4 ieet (> iriebes to 8 tcet, winch last dimension is used in those parts 
where the tieiglit is 16 feet; and there the thirkness of the brick vertical 
coiinterarehcs in rear is also reduced to 1 foot 6 inches: but the total 
width at top is equal to from 12 to 15 feat, us in the former described por¬ 
tion of the wuik: and all other particulars likewise remain the same, ex¬ 
cepting that the w idtli of the I'tdls is of course greater and the base some¬ 
what less ill tlic low, than in the higher portions of tlio wall; the exterior 
curve being every where de.scribcd by the same radius. It is to be ob¬ 
served, that the upper course of granite, which forms a coping in front of 
the wall, is no where composed of pieces less than 4 feet long, although 
the geucral thickness of musoury in front of each cell is in many parts re¬ 
duced tole.ss than the above diiiicn.sion, as has just been mentioned. Tho 
vertical joints of the coping are connected by joggles ol the same material# 

From the details, that have been stated, it will appear, that in its thin- 
■^nedt parts, the work described will have a base of from iJlhs to rather more 
than Jtlis of its height, and a thickness at top of from Jths to nearly i ot 
its height; so that there can be no doubt of it.s stability. 

The soil, that was to be built upon, being a kind of quicksand under 
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material, must all be of tlie strongest scantling, witli- 
ewt tay mature of half piles, at least, nhcii the depth is consi¬ 
derable ; and peculiar care must be taken, that the ribbands, and 


nod, required particular precautions. The foundations ha\e acrordingl^ 
been secured by round piles ot bectdi and elm, each about 30 i'ert long, 
and seldom less than l fiMtt in diameter, and drneii at cciiirat iiitcrsals of 

9 feet apart, so that there are geiieiHll\ o piles in «i>er]i niiniiiig >ard of 
foundation, extending from front to tear. 'I'lie two most advanced ]ules ot 
each file, Mrhjch support the inclined part of the base of the niasoiir\. arc 
driven obliquely, in a direction perpendicular to the iiieliiicd plane above 
them: the remainder are diivcii veilically. In some parts, where the 
foundation was |>ectiliarl> doubtful, the trout piles were driven in one elosu 
continued line, and arc plowed and tuiigiied tor the sake ol greater seeiintv : 
•othat the number of piles, ]>er running vard ol foundatKiii, is Ibeie greater 
than the average beiore stated. Over the foundation piles are laid sleepers 
0f the same timber, all about 1 foot fhok, anil not less tliaii 1 toot wide; 
Which arc covered b} a platiorni ot I> or (i ineti planks, also ot the same 

, bind of wood, supporting the niasonrv. I'be irilervuls between tlie 

' sleepers, immediatciv bc'iieatb the planking, are filled with rag-stones and 
aand. The nionkies of the pile eugities used, weighed nhoiit 11 cwt. 

As a second example of a con'eidam attended with eonsiderahie dilh- 
enlty. ki consequence of the depth and rapnlitv of the water, in which it 
ia constructed, I shall bneih notice that w liieli has been formed, prepa¬ 
ratory to biiiidiiig the secruiil .stone pier of the iron bridge, which it is 
proposed to throw over the river 'Fhames at .Southwark. 'J'lu* form of the 
c»(r«rdam is similar to that, vviuiiiwill t>e given to the |)ier itself, being 
oblong and parallel sided, but having the ends curved outwards, in order 
to opfio&c tlic action of the tides. 'I’he principal piles are from 12 to 1(> iiirhes 
square, and are said to he from 45 to 50 feet in length, and are driven all 
vonnd in two parallel lines, without an} mixture of half piles, so as to in¬ 
close a space of 5 feet, which being filled with clay, forms the body of 
the cofferdam. 'I'hese piles stand about 3 feet above high water mark, the 
atrongest of them being plaecd in the outer line. 

The base of the coflerdam is widened and strengthened exteriorly, hy 
a thiid lineof piling, consisling chiefly of half piles about 7 inches thick, 
which arc about 10 or 11 feet lower at top than the others, so that they arc 
fxvvcred every tide. The space between these aud the line of piling,^ hc- 
forudescribed, is also Mied with clay, and varies in width fiom about 6 m 

10 feet, it being widest at the ends f*r the eofleidani. Intermixed with 
these lialf piles, are a projiortiou of whole piles of greater length, placed 
at intervals of about 0 feet apart, which «eivf‘ to prevent barges from in 



COFFERDAMS. 


683 


transverse beams, shall be of proper strength, and well secured. 
Ill this kind of cotl'erdam, tongues and grooves, which are gene¬ 
rally dispensed with in the former, are essentially necessary; and 
the caulking of every joint must be executed with more than usual 
care.* 


juring the \\ork, at high water. Extra piles ha\o also been added exte* 
ri(>i!\. Ill some parts, for the sake of greatei streiigfh. All the piles, that 
have been described, arc said to be driven to the depth of 15 feet bekiw 
the nat'iial bed of the river. 'I'liis con’erdam is also strengthened by tie- 
beams, ribbands, non bolts, jke., on the same piiiiciple as the former one. 
The iiiteiior width of the space ineloseil b\ the eolfeidani is about 48 feet. 

The ^\hole of the >toodvMiik, hitheibi deseiibed, is of pine. Round 
beech piles, ?o feet boiir, and about 1 loot mean diameter, sleepers of the 
same Wood 1 b»ot lliiek, and lioin 14 to lU tin lies wide, and 5inch planks, 
also of beech, weie prepuied for .'iiip|)orting the masonry of the stone pier, 
the hrst eouisc of which, 1 was informed, was to be laid about 8 feet 
below the natural bed of (heincr; and wlueliwas further secured by n 
coutinued liiK'of sheeting |)iles ol pine timber, each about 30 feet long, 
ilrnrii all round witliiii the gieat eollerdam, so as iininediatel} to inclose 
the space, that was to be built upon. These sheeting piles were driven 
b\ riiiging-pile engines w orked b\ about 15 men, the moukies of wfaitA 
weighed 1 ’ or 5 ew I, -MI the other piles, that have been mentioned, were 
driieii bx eoiniiioii pile eiigiin's, woiked b} linen each, the monkies of 
whii'h weiglied about 13 ewt. 

'J'lie alio\e ( \amples will sene as specimens of colTerdams on a great 
.scale ; but I do not \oin Ii for the strict aeenrae} of all the detailed dimen¬ 
sions. as 1 lla^e no jibuis or sections in in> pos.sessiun, but took Ibem partly 
from obsenatioii, wiiboiil aetnal iiieasiiiernent, partly from inquiries put 
to the workmen, who aie not always loiieet in their information, as to 
the details of woiks, in which the} are cin|iin}<‘d. What I have stated 
will, how Pier, be snnieiently eoireel, to give a gotwl general notion of the 
inunner, in which such woiks have been rxeeiited in thi.s country. 

♦This method wasadopti'd in building the West and East India Docks, 
and the wharf wall uf the Koval t^rdnaiiec Arsenal at Woolwich, which shall 
ai'tcrw'aids be described (St-e page 680 j. 

In executing the latter woik, a rcrlaiigular oolTordain, inclosing a space 
^aridml 100 feet in length, and 19 feet in width, was first fomi4^; and 
whilst the line of masoiiiy l«» be built within Ihc above space W'as in pro- 
giess, a second colfcrdain of the same length wa.s formed in contnmation. 
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' WNtever species of coflTerdam may be adopted, pumps mu 
be use for clearing out the water from the inclosed space, w liic 
bi England, are always worked by steam engines ;* but 
countries, in which fuel is expensive, other machines are often us< 
fbrtbe same purpose, which it would be superfluous to mention. 

When it is absolutely necessar}’, that water .should ho r\rliidp( 


Alter the first portion of the masonry was built, the finished extremity ol 
ft was connected to the front and rear of the ruflTerdam, by piles dnven 
across the intermediate spaces, with the same precautions as the others, 
which being done, the original transverse line of piling that divided tlie 
first from the second cofferdam was removed. And lliu.s, iii everi coffer¬ 
dam, excepting the first, the finished portion of the wall it.sclf, eventiiallj 
l»ecame a part of the inrlo.sure, by which the water was excluded. The 
ailme principle must be followed in executing all continued lines of wharf 
fVveUnent, by means of cofferdams. In the pier wall at Sheerness, some 
of the portions of the cofferdam were 370 feet long. 

* In building a long line of wharf, it is always necessar}’ to have the 
pumps near the extremity of the work, for which reason they must he 
moved from time to time, so that they may .sometimes stand more than a 
bondred yards distant from the engine, by which they arc to be worked. 
The most convenient mode of communicating the power is by an endless 
chain passing round a couple of wheels or c}finders, one of which is at¬ 
tached to and moved by the steam engine, wiiiUt the other works the 
pomps. The upper and lower portions of the chain are each .supported in 
a position nearly horizontal, by being made to pas.s over large pullics, fixed 
to frame work erected fur the purpose, at intervals not exceeding 30 feet. 
In proportion as tlie pumps are moved, the chain is lengthened. This 
method has been used in executing the pier-wall at Sheerne.ss before de¬ 
scribed, in which the pumps are worked by a steam engine equul to a 
14^i;9e power. The engine used for the same purpose in building the 
new wharf-wall at Woolwich was equal to a 6-borse power. In building 
tiie first, and in commencing the second pier of the proposed iron bridge 
at Southwark, a 14-bor8e-power steam engine was used, which proving 
insufficient for clearing the roundations of the latter pier, a Ifi-horse-power 
engine was ordered iu addition; but on trial, one half of the said additional 
power was fbond fo answer* It will be obvious, that great varieties in uio 
power necessary must often lie expected to occur, in draining the foun'^ 
dations of extensive works. 
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Qnd at the same time the soil to be built upon proves, on due ex¬ 
amination, of so favourable a nature as not to require piling, the 
foundation of any mass of masonry of inconsiderable extent may be 
executed by means of a caisson, hich is a strong water-tight, 
flat-bottomed, wooden vessel, open at top, and a little larger each 
way, than the base of the proposed masonry, the dimensions of 
which will consequently determine its form. When this mode is 
decided upon, the spot, chosen for tlie foundation, is previously 
levelled, and cleared of superfluous soil, by the dredging machines 
usually cmpio}ed for tliat purpose, in rivers and harbours; which 
being done, the caisson is towed into its place, and sunk, by letting 
in the water; and if it appears to be well placed, tUe water is 
pumped out, and the masonry commenced by building upon the 
bottom of the wood-work, the sides and ends of which, beii^ 
originally prepared with that view, are eventually removed, when 
the work is raised to a sufficient height. This method, which was 
used in founding the piers of Westminster and Blackfriars Bridges, 
is not suitable foi military revetments, or other long continued lines 
of masonry. * 


* The roundations of the piers of Westminster and Blackfriars Bridges, 
as also that of the new iron bridge, near Vauxball, were all executed by 
means of caissons of a rectangular form; but although each of these works 
succeeded, it may be remarked, that the difficulties of the execution would 
probably have been much diminished, if the ends of the caissons used had 
been differently constructed, so as to oppose angles or curves, instead of right 
lined perpendicular surfaces, to the action of the tides. As for rectangular 
caissons or cofferdams, for the piers of bridges, I conceive that (bey ought 
always to be rejected, excepting in still water. 

Id building the foundations of works, in tide rivers and harbours, the 
cofferdams or caissons used, are not always raised to such a height, as 
entirely to exclude the water at all |>eriod8 of the tide: but are sometimes 
only made a few feet higher than the common low water mark. In this 
■^asc, the water is pumped out about the time of low water, to such a depth 
as to allow the masons to work, who continue os long as the tide will 
permit them. Masonry, thus executed, is said to be built by tide-work. 



686 ELEMENTARY FORTiriCATlON. chap.xxvh. 

Of kite, the diving bell has also been used to advaiituge in 
6iu coniUr}', for {ireparing the foundations of wails to he built un¬ 
der water, when it has either been judged inconvenient or iniprac- 


tkable to form cofl’erdams.* 

The whole of the foundations 
tions of Portsmouth and Porlsea 
and the same expedient was 
Hied in the new wharf wail 
of the Ro\al Ordnance Ai- 
aanal at Woolwich. I'his 
last named work, of wlncli 
the annexed figure represents 
llte general ‘•ection, ha^ing 
no counterforts, lias been . 
buUt considerably tliickcr, in 
iMTOportion to its iici'^ht, than 
the generality of wuiks of 
the same dcscnpli<»n. In 
this profile the extciioi ^!opL• is in 


of the revetments of the forlifica- 
were seeureti by means of piles ■ 


I 

I 



'• proportion of ^ih ; the wall, 


* In another Covoriiiuont wiiaif, tu>u :J)uut to be built at SlieeriK-ss, hy 
Erection of Mr. Kuiiae, which, nhcii liiushi'd, is to be gncii om'i lo the 
Orfitiaiice Department for a Ounrtliarl’, nu c(>flej(lani> air to be iisc«l, but 
the ibiinclation piles, when dri\eii, arc to be cut oiT, and the .Hlr<'pris 
and platroiin are to be fixed by wcrkiiieii descending in doing l>ell.<»,‘ tiie 
bottom being presious!> cleared and levelled, if necessary, by the same 
means* The si lus pieparod fur the luundution aie about 10 or 11 feet 
long. B) incan!'> of a simple picee of maebiner}, they may be lowered 
inti6 the WTcter with great rnrety, nearly over the prec ise spot, where eaeh 
is to lie, after which the workmen a ill descend and rectify their position, 
if necessary, and apply the ccineut, &c. This ingenious expedient has, 1 
am informed, been already used with success by the suine civil Engiiu'er, 
nndcr similar circuinHtanecs,in extending Ramsgate pier. 1 am not awar.*-, 
that tlie diving bell was ever before applied to any purpose of much praa- 
tioal utility. 
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which is perpendicular in rear, is 22 feet in total height, fotiil- 
datioii included; and 9 feet thick at the top, and 12 feet thick 
at the bottom, at the height of 2 feet above which, there is an 
offset of 3 inches; so that the mean thickness of masonry is very 
nearly equal to one half of the total height. There are five lines 
of foundation piles in the width of the st^clion, corresponding with 
the thickness of the wall, as shown in the figure; of w'hich the 
evteiior pile is driven obliquely, so as to agree with the slope 
of the e\terior surface of the masonry nearly, whilst the rear one 
is dii\eii \eiticaiiy. All the foundation piles are 12 inches square, 
and lin ii average' length or depth is from 14 to 16 feet. Each 
file of them, as it may be termed, is connected at top by a 
sleeper 12 iiu hes square, notched on its lower side to the depth 
of I inch for lecciving tlie heads of the piles. These sleepers 
support a platform of 4>inrh planks, that forms the base of the 
masonry, as also a Imiter or longitudinal beam 12 inches square, 
placed ill fioiU of it, to prevent the sliding motion before men¬ 
tioned. This is further counteracted, by the form given to 
the foundation, which has been laid out according to an in¬ 
clined plane falling towards the rear, and nearly perpendicular 
to tiic^ exleiior slope of the wall. The tw'o detached piles, in 
front and rear, represent the two lines of cofferdam piles, that 
were used to exclude the w'ater, &c., from the excavation, whilst 
the foundation was forming: those in front were miginally fioin 
.12 to .3(i feet long, and at top stood equal to the revetment 
itself ill height, but were afleiwards cut off level with the 
common bed of the river Thames; whilst those in rear, vchich 
were of the same scantling, and from 24 to 26 feet long, were 
left standing, to a mucli greater height than the former, as re¬ 
presented in the figure. I’he coffeitlam and foundation piles 
were of piue; the remainder of the wood-work, tiiat lias been 
described, being of oak. Trenails of the last-mentioned wood 
were used to connect the various timbers of the foundation* 
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togfdMir. The masonry is of Dundee stone, backed with brick¬ 
work.* 


• The dimensioDs of tlie wharf walls, built by direction of Mr. Tel¬ 
ford, in tkc harbours of Aberdeen and Dundee, are as follows. 'I he 
profile is of the common slopiii|^ form, it.s exterior slofie bcinj^ in the pro¬ 
portion of ^(b nearly. The averai'c lieij^ht was 16 feet: the thickness of 
masonry at top, below tiie coping, 4 feet: the thickness at bottom 6 feet, 
with an offset at about of tlie height, measuniig upwards, llie masonry 
consisted of large stones, backed with thin stone rubble: the counter¬ 
forts, which were also of stone rubble, were 3 feet square, 1 foot lower 
than the back of the revetment, and placed at central intervals of 15 feet. 
They were each connected to tho revetment by timber tics, in two places, 
lUdififerent heights. In some parts Ihe height of the profile increased to 
9St feet, and there the thickness was of course augmented in proportion. 

'Sheath the lowest exterior coarse of the revetment, was laid a longitu- 
dinai course of 4-inch planks, resting on piles placed at certain intenals, 
besides which dovetailed sheeting piles were driven, in several parts, along 
fibe front of the base of the masonry, above which they projected a little, 
*$itk order to prevent it from sliding, or from being undermined by tlie 
action of the water, or otherwise. 

These whaifs were executed by tide-work, whereas most of the former 
works of the same description, that have been noticed, in this or in the 
preceding chapter, cither have been, or are to be executed by cofferdams, 
totally excluding the water. It is to be remarked, that the system above 
described, of securing the foundation by one line of piles only, immediately 
beneath the front of the base of the masonry, has also been adopted in other 
works of a similar nature, in which the ground, although somewhat soft, 
was rather of a favourable nature than otherwise. 

In all wluirf walls, it is necessary to protect the front of the masonry by 
strong pieces of timber, capable of lending off ships or barges, fruiii 
whence they arc called fender piles, being almost aliiays placed verti¬ 
cally. TTiose used in the new whaif at Woolwich arc VI inches square, 
andr placed 13 feet apart, and are secured at bottom by stone corbels, pro¬ 
jecting from the body of the wall, to which they are fixed at top, by mt'lal 
bolts or cramps; and this is the system most commonly followed. In tbo 
West-India Docks, a different arrangement has, however, been adopted, 
as a couple of courses of fender beams have, for tlic same purpose, been 
fixed borizoDtally, along the whole front of the wall, at the distance of 4 
fiset apart, the uppermost of wliiidi i.s placed about 6 feet lower than tlic top 
of the masonrv. 



GRATE1>F0UNI>ATI0NS. 

11 may easily be conceived, dial between soft niiid, which vb^ttina 
ti foundation of piles, planking, 8lc., such as has been desciihedi 
ind rock or ver)' tenacious eartli, in which no wood-work, whatever^ ^ 
b necessary; there may be many intermediate qualities of soil. 
And ip some of these, piles may be dispensed with, as it will be a 
sufficient precaution to lay a platform, consisting of a dopble floor* 
ing of planks, crossing each other at right angles, under the whole 
of the foundation of the masonry; which planks may^ in certara 
cases, be placed at intervals, so as to form a grating. 

This expedient is not, however, by any means applicable to 
revetments, or retaining walls, when the soil to be built upon, b at 
all doubtful: because in these, independent of the actual weight of 
the masoiu-v, which must always cause it to sink more or less, there 
is also a pressure of earth in rear, which, for a reason stated kl a 
former chapter, is often liable to vary, sometimes producing Mttife 
or no effect upon the wall, at other times tending to overset it wifll ‘ 
great violence, and that not generally, but partially. 'i- . 

But it is to be observed, that in soil, in which it would not be 
safe to build revetments, properly so styled, without piles, the 
simple grating or platform may often suffice for securing the foun* 
dation of any substantial building or mass of masonry of limited 
extent, which b not like a retaining wsdl, exposed to a partial or 
tariable lateral pressure, (m one side only. When thb expe^eot 
b adopted, in the construction of a tower, the base of the work 
should have a continued foundation of solid masoqiyr, throughout 
conueeted to the exterior walls, by inverted arches. Thb arrange^ 
ment, which has actually been adopted in most of the Martello 
towers, built in this countjy, by binding the whole mass into one 
body, will take away all tendency to crack, which might otherwise 
arise, either from some difference of consbtency, in various portions 
of the supporting soil, or ffom some inequality of pressure on the 
part of the masonry: and by increasing the base, it will, at tlm same 
Ome, groe% dtminidi the aUiki^, for which raasoa, tl^ grating 

TOt. II. T f 
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•hp|ild,|iot merely be,coutuiued entirely tuider the whole foundatior 
of tlM& tower, but ehould project some feet beyond k on every side^ ll 
is.]i|^ipe<ea9eiitial, tiii^ the center of gravity of the whole meat 
should correspond with the center of die tower, as nearly as pos* *• 
ubie, making the exterior walls of uniform thickness all round; in 
which case the tower, if it does sink, as must always happen more 
or less ill soft soil, unless piles are used, may be expected to sink 
more equally, than if this precaution were neglected. For if die 
walla are built thudeer on one side thau on another, the former, ai 
IpeiDg the heaviest, will sink the deepest, so that the tower will lose 
iU olighial level. To decide in what peculiar cases a simple grating 
tMrpl^form without piles may be adopted widi safety, must of course 
i>e left to the judgement and experience of the Fngineer employed ; 
KiifAall however conclude by again remarking, that to revetments, 
inf' general, it is entirely inapplicable: and even for towers and 
masses of masonry, not used as retaioiiig walls, it ia of 
•^ffuecariouB nature, and not to be trusted to without great caution : 
§0t, in building upon very soft soil, I have known several instances 
of this expedient having been tried, none of it having succeeded.^ 


* Th« towers, built on the coast of Ci^lafid, were founded on a great 
Tjuriety of diflerMit soils, some of whieb were very anfiivotirable, and in 
these, wooden gralings were always used; which cunsi.sted of a double 
course of elm planks, crossing each oUier at right angles, each of the 
flanks being about 14 or 15 inches wide, and 6 inches thick* The niul 

*• 104 .usually cleared out to a de}>th of two or three feet bdow the teval of 
the prppoaed graitog, and the excavation filled with shingfe, apan wlnoh 
IhUiluut net,of pbuika wore laid, pnrallol to each other, at clear iutertahi 
9 $; about one foot. These iiilervais being filled wtlli dry bricks and 
grouted, the second course of planks was next laid U’ansveiaely over the 
Cufmer,^ end eomiectdd to it by oak trenails: add the new iaterrals^hoi 
formed were also bricked and grouted as .before. Thus was fenned a 
hme, partly ofhridoitainl partly of wood, upoa wbioh the fouodatioU was 
begua widi SwMwiobakMtos; the remainder of tiie wosIl being idterwards 
il|nipleted with briuka. ’ *' 

t enfcdieat. in nil omoa .completely prevented the jnwoury.iNMn 
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I Bliall here remark, that in unfavourable soil, a continued 
foundation of solid masonry is also suitable for those spaces, vi^ich 
are comprehended between the counterforts of simple revetmentSi 
or between the piers of counterarched ones.* 


crackiniC or aeparating, but in other reapccta it failed in very bad soil; for 
1 am informed, that two or three of our towers, have not only sunk oon- 
siderably, but have lost tlieir proper level, by sinking nnequally.so that their 
slopes are quite different from wbat was originally intended. To build the 
walls of a tower of uniform thickness, as was before recommended, may 
lessen this tendency, but cannot do it away entirely, because even the weight 
of the heavy guns mounted afterwards, must have an unfavourable effect; 
so that upon the whole, a piled foundation is the only precaution that ean 
thoroiigbly be depended upon* 

* It is also useful, and indeed often absolutely necessary, to have a <xai- 
tinned foundation of solid masonry and woodwork, piled or not, accordinyi 
to circumstances, under docks for the repair of single ships, as also under 
the locks of canals, and all other small basons, from whence the extant 
water is at times to be excluded by means of flood gates; and s um # 
foundations, when the breadth is small, may be composed of a single 
inverted arch; but when the breadtii is very considerable, those parts only 
are curved, where the masonry of the foundation adjoins to that of the 
side walls, so that in the section of a work so constructed, two distinct 
portions of an inserted arch appear, which arc at some distance from each 
other, and are nut connected by any continued curve, hut by a right line. 
The masonry of works of this description is usually made stronger than tint 
of common wbarls. The reason is, that when a body of water is shut out, 
by artifioiaJ obstacles, from any s|)ace, much lower than the level ef its own 
surface, if the fluid should be able to find some weak part w aperture, in or 
beneath the masonry or woodwork, by which it is excluded, it will endea¬ 
vour tobrmk through, with a force proportional to the difference of level; so 
that, unless the walls and foundations of such works, as have been mentioned, 
are of more than usual thickness, as well as of good materials, and exeented 
with great care, they are liable to be blown up, as it is called, and in part 
destroyed, or rendereil unserviceable, by the force of the water. Aceidenta 
from this caose have often happened in great works. To secine the 
foundations of t^ floodgates, which are in opposition to the exchuled 
wrater, and wfaiohvo considered the most vulnerable part, a tranevene 
row of dovetailed piles is generally driven in front of them, that is to say, 
eu the exposed aide, and sometiiiies another parallel row is added in'rear. 

y Y 2 
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Siichfbandations sho d 

, fii formed by inver d 

«c^,abutttii^ against die 

aaid counterforts as piers; 

iaiihb manner sboiiin in the 

annexed bgures, of whi li 

one represents the n r 

cievatioa of the masonrv 

•< 



oidy, of a common revetment, llic other of a couiiterarchcd revet 


nieot^ Idiving foundations so constructed; an arrangement, whicl 


xQust be of advantage, even 


when |nles are used; for 
by distributing the total 
ili^^bt of masonry, to be 


SUfi^Ofted, over a greater 
^nittlber of them, it must 
'iii^^ntly diminish the 
priasure upon each indi- 
viduail pile. With respect 


to the counterarched re- 



tn the locks of canals, a continued foundation of solid masonry is not 


idways used, throughout the whole extent of the bason, but only ki those 
j^vtions which are iihinediately beneath the two flood-gates. 

banks and l^ttoms of canals, and ponds, are rendered watertight 
byfimddlihg them, as it is called, whieh expedient may also bo used to- 
aOTan^lage ^ certain cases, In military works, and shall thereforo be dc- 
iwinfwdl 

’11831410*18 wrihed by taking a quantity of earth, and mixing it up with 


water, gradually poured upon it, to the consistency of mortar for building- 
is ai^Hed' hi’ lUh sj^t intended, in liorixoutal layers or dourscs of about 
fl^ipelitls hi d^th, dhd is mixed by moo treading on it with mud boots, 
^ii^*sbiTfhg1^HiHtb's(io>iH^ls. Each layer, when 8diliciei||ly worked up, is 
tdft to'llrf, dirtif W ftenii ihtiy stand on it without Binking : then a second 
ll^fi^ of sade iliickAesri is hlydi«d above tile forniw, care being tek^n 
ttem^SHell ittiTriDg Slid w’ettiikf the surtked Uf the oitg^ul work. 



rOUNDAtrONS ON INVERTED ARCHES. (WS 


'vetiTient, in particular, represented in our second figure, I conceive 
it to be preferable to the concave profile, described in the preceding 
chapter; which last^mentioned construction may also be adopted in 
soft soil, with the same view of increasing the base, and thei^by nuMre 
generally distributing the vertical pressure, upon a piled fouudatioB. 

It was remarked in a former chapter, that retained eardi seldom 
presses in an unfavourable manner upon revetments, exceptii^ 
when it has been acted upon by frost or rain. And indeed, when¬ 
ever failures in revetments have been known to take place, aldiov^ 
they may generally be tiaced to some defect, citlier in the origmal 
profile, or in the worktnansliip, the immediate and apparent cause 
has almost always been a violent rain storm, or series of continued 
bad weather. It is therefore of the utmost importance, to secuie 
w'orks of fortifiratioii against such accidents, which can oi^,|ke 
done by a judicious system of well-constructed drains; aii4||S|,A' 
furtlier precaution, all tlic slopes of parapets, &€., shoukIfJiMB 
sowed with grass, it having been found by experience, that vegeta¬ 
tion is very useful towards the preset vation of earthen works^ atleaat 
iu a moist climate such as lliul of England. * 


and tlias the process of puddling is continued iu successive layers, to^he 
nupiired height, three feet being iu ail cases a sufficient thickness. Clay 
and garden mould, or vegetable earth, are not food for ibnuing puddle; 
llie best kind of earth for that purpose being a lightish loam, mixed with 
coarse sand or tine gravel, all particles of which, ^eeeding the siae of 
a inusquet ball, should be rejected. Puddle, when suffered to become 
thoroughly dry, cracks, and loses its cfficat^y; but when properly made, 
Rud either brought into immediate use, or kept moist until required, it is 
impervious to water. 

* As a (woeff of the tenacity which earth is capable of preserving, when 
it can be guarded tlfom the effects of weather, may he mentioned tht 
cuaftom, wMch ^prevails at Gibraltar, of biiiidiug the waUs of dwe^ing 
houses with rammed earth, whioh being covered externally with a 
of ptaater, are very durable. notwUhstanding the great violeuee of the 
retna whitA often tell there, isdterly, some of the Uayeraes,, on ihe.fbrli- 
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As the exterior foirfsce of masonry chiefly decays through tfie 
action of weather upon the joints, it becomes an useful prccauUoh 
to diminish the number of these as much as possible, in all the 
bonxmital or sloping parts of the work, which are the most liable 
to suffer. For this reason, in walls, built with brick-work, it is 
always proper to cover the top, when exposed to weather, with 
some larger materiai, such as a stone coping, in the joints of which, 
it is desirable that a better cement than common mortar should be 
used. In this climate, about I foot of sod-work, over the top of 
aval], is a good preservative against the effects of frost; and may 
therefore be used to cover the summit either ot a counterscarp 
*x scarp revetment, built with brick-work, when stone copings or 
cordons are considered too expeusiie. 

Having now completely discussed the theory of revetments, and 
added as many practical details as appeared necessary, 1 shall 


fications at tbc same place, have been formed in a similar manner. The 
above mode of construction is called tapia by the Spanisli inhabitants, 
and probably is the best tintt could be aiiopted for parapets in a very 
hot climate Tlie Castle of liadajos is partly built in the sanio manner. 

Rammed earth is also used by the natives of India in tbeir fortifications, 
lokraiaing walls of this material, wbicli they carry up nearly |>crpendi- 
cularly, they mix tip each course, which is of moderate thickness, with 
water, and alter beating it well, they allow it to dry. before another layer 
is ppplied. These mud forts, as they are called, have often proved great 
dhstgcles to the progress of our arms in the East. The desperate defences, 
made by some of them, are recorded in a hriok recently published, by an 
officer ^ itengnt Kstabtishment of the Rast-India Comj>any*8 army, 
enflUed ** .Observations on the Atlacrk of Mud Forts.** 

I'hat vegetation is useful lowatds the preservation of earthen works, 
is proved by the field works, thrown up at L'pnor, near Chatham, for the 
pdfposie of exercising the junior officers and soldiers of the Royal £ngi> 
ileo r l>opiirtiBent in the operations of a siege. Suidi of these field works, 
M aro; left standing, after a certain time, lose tbeir proper form, in con- 
M^uence of the efiects of weather, while the parapets and slopes of the 
I^Miadent works remain perfect, by reason of the gnus with which they 
are eoverecL 
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conclude thia vidume, by oiaking some remarks upon die Tlieorj of 
Arches, a subject, which is ako usually considered as forming part 
of a course of fortification; and which appears to me to have 
been treated, by mathematical writers in general, in a manner by 
no means convincing or conclusive; for in this important inquiry, 
as well as in the former, tliey seem to have built upou hypodiesis, 
instead of having recourse to experimeot. 

As the investigation of the projierties of arches is certBinly 
much more intricate, and complex; so the theories, formed upon 
this subject by speculative writers, are more at variance with each 
other than those upou revetments. But without qptering into, the 
merits of the various theories of arches, that have been published, in 
the formation of many of which, great talent and ingenuity have 
been displayed, 1 shall confine my observations to one only, which 
has been advanced in this country by some writers of estabUshed 
reputation, but which appears to me to be founded on 
fallacious principles, Uiat it may be useful to the reader to sUUe toy 
objections to it. 

The doctrine now alluded to, was, I believe, first promulgated 
in tins country by Emerson, who, in investigating tlie properties of 
arches, jitclged it convenient to consider the sev'eral arch stones, as 
perfectly polished bodies wiiliout friction, and the same prelinu- 
iiary liypollicsis has since been adopted by some subsequent writers* 
]n consequence of this assumption, which forms the basis (d* their 
theories, they have come to a decision, that semicircular arches, or 
others, springing from a horizontal plane, should be altt^etfier ^ 
couderaned and rejected, as being unfit for practicaJ purposes: for 
they maintain, that by the principles of pure mechanics, any' 
polished body without friction, placed on a horizontal plane of the 
same nature, has tio lateral resistance, but, may be moved froipi^. 
place by tbe smallest possible |>ower; and therefore, they aigue^ that 
the two extreme or lowest arch^stoites of the semicircle, or bf tniy 
other curve, spiinging from u bbrizonlal plane,, can bav^pppqw<i^, 
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]wlwtever of iie&iftUAg tbrust or Literal pressure ojf the oUier arch 
mooes; so that such arclies must necessarily gi\e away at their 
unless loaded witbuifinile w eighty a tiling wliich in prao 
lipa if Kow’, although this cuuclusiou might certaiuly 
JwWjgootL ill respect to die imaginary arcb-stones^ above assumed 
ilapr the sake ot hypothesis, it will be hMiud by experiment, that 
common freestone rubbed siiioolli, but not polished, if laid upon 
a^iOlitontai plane of tiie same substance, without mortar, will 
ae^niea a power of about two thirds of its own weight to over¬ 
come its lateial resistaiux.*; nnd if prepaied in the inaimct usually 
. done by woi]|fnen for building, that is to say squared but not 
fendered quite smooth, it will require u power neaiiy equal to 
ihrae lourths of its ow n weiglit to oieicoiiie the said re.si.siance.* 
And therefore, since the friction uf stone, in the state in whiih 
it ia prepared for budding, is so very consuierablc, even without 
die vast additional resistance derived from the cohesion 
■I ^ |he mortar; t it is not to be wondered at, if diose Uieories of 


• • Such vrerc the results of a seric.s of nauicrons exporinirnts, tried by 
oie, in Malta, in the year 1805, for the puq>osc of asccrtajiiiii); liii.s subject, 
with squared stone.'i uf variou.s sizes anil |iri»]>ortiuns, and of a soft quality 
resembling Kalb stone ; the largest of w birh w as 2 feet 0 im bes long, 2 
feet wide, and 1 foot thick, and weighed G201bs. It aKo aj^ieared, that 
the friction w lateral resistance of any stone, in opposition to a power, 
lending to move ft aknig a Imrizontal plane, was in all cases iti proportion 
its own weight, and to the slate ol smoothne.ss of the two surfaces, 
r4hht eamo in contact with each other, a.s mi’iitioned in the text; without any 
to the actual dimetisiuiis or superficial contents of the said sui- 

"t In some extensive vaults near Bayae in the Kingdom of Naples, said 
<0 have been cnuslmcted by the Emperor Nero, wbieh consist of a series 
of groined arches rCsfiiig upon square pillars, I observed, that althoagh the 
half of otte of flittso pillars was cut entirely away, the upper part of 
IhtMRidifiifhir, together vilh the four arches, wUch diqicndcd upon it for 
•iiiqmrt, remained as finn as any of tlio others, by reason of the cohesion of 
lilt! mortar. When Abakir Castle was attacked by the British in 1801, a 
Win dffeoted Indie side of a high tower, forming a very large bole or 
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arches, in which this frtcdon is cntireij disregarded, should have led 
to a totally erroneous conclusion ; and such I conceive to be die 
decision, before quoted, against the use of all arches a|Mriiigitig 
from a horizontal plane; a decision, which in fact is coiitiadicted 
by dail) experience, for it is scarcely possible to walk out without 
seeing arches of this description in a strong and serviceable state; 
and indeed wc know, that there arc many instances of semicircular 
a»ehe«i, nearly 2000 years old, which are in jierfcct preservaCioti to 
this day, and capi bic of supporting the greatest possible wdght 
that can he applu'd to them. 

It is funhci to be rtnnarked, in opposition to tbe said theories, 
that the piers and abutments of arches are, in real practice, in 
iiinetv-niiie cases out of a hundred, built of the same ttiaterisds, 
whether stone or brick, and arc cemented with tbe same kind of 
mortar, as the arches themselves. If therefore, the stones (rf* an 
arch are to be considered as perfectly polished bodies withtlttf dlo- 
tion, it follows, tliat the stones of the piers, which are of ^edy 
tin; .same natiiic, ought also to be so considered, otherwise die 
theon must necessarily be inconsistent with itself* But as the 
courses of masonry in the piers of arches are always built hori¬ 
zontal!), * each of the uppermost stones of the piers of a parabo- 


oprninp; i:i tlio wall, and yet tlic upper |iart of tbe masonry stood firm, liem 
the same cause. Every one may have bad an opportunity of observing, in 
walls built on tbe sea coast or uii tbe baiik.s of rivers, that they are o&ea 
undermined, to a uuiibidcrable extent, by tbe water; and yet tbat tbe 
upper part of them will loniain i;ood. For example, about 190supeifioial 
feet of tbe foundation r>r one of tbe exterior walls of Roebestar, .Castle 
have been entirely washed away by tbe Medway, and yet the rest of the 
wail, altbougb thus undermined, remains perfectly firm. 

* It is well known, tbat masoniy, in general, is built in borisontal comvus, 
without taking any precaution, further than what arises iit>m the wmgbt 
and friction of Uie materials, and the cohesion of tbe mortar, in ordnrb* pre¬ 
vent a lateral motion ; and, indeed, Uicre is no ordinary pressura or |Miii^, 
that can possibly act upon amass of i|iwu>nry> of a cerbun aididily* ,MVb us 
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lie.or catenarian arch, rests upon a horizontal plane; and conae- 
if the said stones are without friction, they can have no 
hUeraLnesutaace, or in other words, they can have no power what^ 


ttepier of a bridge, that will orr rausc the upper pait of tlu* i>aicl ma.s.s to 
separate firom the lower part of it, !>> moving hoii7.ontull> upon th<‘ eotirsc 
fminediately beDratb. (>u the eoutraiy, when walls have failed, from a 
want ef doe strength, whether as piers or revetments, they have always 
been torn asunder in a very different manner from the ahu\e, tin* frae- 
tnres being irregular iuid oblique, never hurizontal. 

There arc, tiierefore, onl) two eases, in eonimon u.se, in wineh preean- 
tions are taken to prevent a horizontal motion; ls(. In thin walls tlie 
beigbi of which is inconsiderable, such as the parapets of bridges, it is 
usual to connect all tbc adjoining stones together, b> iron eiuinps or dowels 
bedded in lead ; a piecuntioii, whieii, in higher or more siiii.staiiii.il vi.dl!i, 
would ba superfluous. Sdty. In forming the shafts of eolumiis, viin ri eorn* 
potod of several pieces or horiwmtal courses, of stone iir marble, it is 
Oidatlb introduce into eaeh joint, a joggle of a cubical form, of bard .stone 
vvhieh is let, one half of its depth into the lower, and the remain¬ 
der of it into the uppermost of the two stones, that are to be put together: 
nil the portions of the column being prcviou.sly mortised, hotli at top and 
bottom, for recCTving the said joggles, which break the eonlimiilj of the 
boiizontal joints, and w hen pro{>er)y fitted, must, tlicrcfure, effectually [irc- 
Teot ail lateral motion. 

Rnf although not usual in common buildings, e\ce|>tiiig in the two cases, 
(hat have been stated, such prei'aiitions have sonielimes been eairled to 
a great cxteiif, in buildings of a peculiar natuie, that require evlraoidirmry 
Care in Iheii* eon.stracfjon, as being exposed to more Ihau otdiiiarv risk. 
Tito constniction of the Edy.stone light-house, in partieiihn, affords an 
dkripple of a combination of all the mo.st offcetual means, th.if < i.nld have 
adopted, for uniting the several eoniprineiit parts of tlie ed.fiec iuto 
Olitr Compact body with the rock upon which it is founded. In the lower 
abd Mdid part of (liis tower, the various stones of eaeh horizontal eour.se, 
tofieall dovetailed into each other; one large center .stone, from whence 
(hey radiate, forming the key of the whole; and thu.s the numerous pieces, 
dktmposibg each hurizonfai course, arc united, as it were, into one laigo 
atobd; and the bottom ones are, by the same method, solidly grafted into 
die rodk. Each course is pinned dow n to that immediately below it hy 
dhX (ren^Is, two of w'hich are driven through every stone, besides 
tbe continuity of tb« balizoiital joints is broken by marble joggles, 
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ever of resisting the thrust of the arch stones. Therefore by their 
own theory, when it comes to be fairly applied, the parabolic, 
catenarian, and other arches of equilibration, recommended by 
the mathematical writers, alludeii to, are liable to the very same 
ubjcctioii urged by tliem against the semicircle, Uiat is to say, 
unless their piers arc loaded with infinite weight, these arches 
ought to give way. 

1 thought it right to make these observations, in order to put 
young Engineers, and others, who may be employed in practical 
arts, on their guard against a theory, which having been maintained 
by men of merited reputation, might continue to make an impres¬ 
sion on the public mind, so long as it remained uncontroverted. 


Iiotli in tlie renter, ami at certain iiitenais, towards the circumfereiice. 
In the hollow parts of the tower, the various stones, composing tbecinci^ 
iar wall, not heaig more than IJ inches thick, are secured not 
marble j<'gglos, hut also bv iron cramps, hut without trenails ; and^HlOie 
parlicnlar eoinses of the circle, against which four fiat dome arcbea eC 
about rj feet span abut, arc strengthened by endless iron chains, bedded by 
niraiis ot melted lead, intu a circular groove, cut all round in the middle 
of the luasourv ; wtneii has been thus enabled to resist the lateral pressure 
of the said arches, 'rhese arc of a very peculiar construction, the joinla 
of the M‘v<-riii uieli stones liring nut only cut according to the curve, but 
also ill a dovetaik'd form. 'I'lic central stone of each arch, with which all 
the others ai4> coinieeted in this manlier, is perforated by a circular hatch¬ 
way, wliieli serves for the piiipose of communication. Such are llie gene¬ 
ral pri'caiitioiis that were adopted to consolidate and secure this cclebnUed 
cdificc’, which is built on a small rock usually covered at high water, evcA 
in a pci feet calm, iii a situation, which in a gale is exposed to the whole 
violence of the Atlantic Ocean. All the ex{>oscd parts are built of Cornish 
inoorstonc or giaiiite, the interior of (he solid portion of the tower, onb^, 
hciiig of Portland stone. The cement used was Puzzolana, mixed with, 
Lyas lime, in erpial proportions. 

It is said that in Rlackfriars bridge, built by Mr. Mytne, not only t|^l^ 
horizontal joints of the piers, but also the oblique joints of the arch 
have been dnwelled by cubical joggles of iiard stone. I am not aware,, 
this expedient has been adopted in the. roiislruction cither of the; piers 
arches of any other bridge, and, indeed, it appears to me to be sopqiiliittpn 
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Indeed, 1 cotkceiVe ‘ it would be greatly ftjr the beiieht of the 
tils, if it were t|^r^|d, that every theory, in which inatliematical 
flafonii% is applied to practical subjects, should be disregarded 
Mid set iiside as a mere spectilatioii, or exercise of ingenuity, unless 
l6e fiUthor grounded his doctrines upon, or supported them by, a 
niflicient number of satisfactory experiments, tried Ity himself or 
^hers. With respect to the strength of arches, in particular, I 
sl>aH t^onclude by observing, that every arch, actually constnicted, 
Ivliidi is now standing, in a state of preservation, must be allowed 
in be an experiment of the most satisfactory nature, by \\ hi<*h we 
■tty judge of die proportions and diniensiuiis necessarv, for arches 
bf a Minilar form. I'he state of our knowledge upon this subject 
is dierefore not by any nicans so limited and irnpi'rfeet, as upon 
fbe former sutject of nnlitaiy revetments. I'oi u \u.st number of 
M ciMi on a great scale, and of various forms and diineitsioiis, ha\e 
lhl^%xecutcd with success in every civilised country, arcunite 
tailed descriptions of which can easily be proemed,* so that 


* The liislorioal and pTaettc*al parts of the article Bridge/' in Uic Bdin- 
inrgh Encyclopaedia, written by Mr. TeU'urd, contain ample iuforniatiou 
■poa this important subject. 

the same gentleman, 1 am indebted for tlie dimeusiuos of some of 
the pKifilea^ of revetments built by ciiil Engineers in this cmiinry, and 
described kt the notes to the preceding chapter, winch 1 ha<l not myself 
l^'‘e|iportunity of aseertatning personally. The various military u'orks, 
Hhtte dimettskms are given in this book, were constructed by oiltcers 
Omps of Royal Engineers. Their names arc not mentioned, because 
I'litii Vht in ail cases been able to discrimiuatc, whether the projects of the 
tilicniitns, powder magazines, towers, revetments. &c., described, were 
by the Committee of Fortificatiims, wliicli is composed of a 
cilrtidil nomher of senior offie^ers of Engineers, acting under an Insfiector 
difrB t r al, wllici alio oommandB tbe Corps, or whether they may have been 
ttf^iiRKt^hy tndivirtiml officers, commanding at the various stations, where 
lib ig Ml B t ^ware'oAiiried on* 

minute in stating dimeunons, because it must be much 
■Mf^ Mitisfiiotory to those, who have to decide upmi projects of new works, 
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fiio Kngiijccr having these examples before bii^i cap run no risk 
of failure, provided that he does not make the thickness of his piers, 
or otlier proportions, upon which strength depends, less than those, 
that have been found to answer under similar circmpstances. 
Without peiplexing himself, w ith attempting to discover tie form 
of an arch of erjiiilihiution, that is to say, one so nicely poised upon 
its picTb, as to be barely capable of supporting itself, and nothing 
inoie; a foim which is not to be recoiiiineiuled either for 
uiiliturv pill poses; he may therefore fearlessly adopt eithep* wt 


til lia^f flrM iiptioiis of similar works already oxeeiitod, before them, tlw 
atlvan'a^es oi disndxaiitUKos of whieli may be aseertained by inspection 
or bv iiii|oii 3 ; iliaii if lliev were b ft to form their judtreoicut, mcrebp 
aceorduij: to •general niie.s, iinaidsd b\ piaeticui examples. 

] sliull coiieliiile b\ drsciihin^ the general profile of the revetments Of the 
new works of Plvmouth iloek. The scarp revetment is every whenl ^ 
feel and has a loiitmued exterior slope of ^(h, but its tjhie^ip^ 

vaiu's III proportion to the height of earth above it. which in some pnjrtsii 
‘I feet ^leaier than in others. In the former, the Ihickiic.ss of 
the ba.se is 10 feet * in the latter, it is 9 feet 6 iiiehes. In both case*, 
bnek oi (lie revetment is Iniilt ])er))en<iieiilarly in rear, to the height of 8$ 
feet. I'Vom tlieni'e upwards, the thiekiicss of the remainit^ 4 feet of 
ina.soiirv, bem^ redueed at the above height, by ail offset, varies from 3 feet 
(> iiielies to J leet, wiueh is the ^eiierui (liickiicss at top. Thus the mean 
tliii'kness of the searp revetment, in some parts, rather exceeds ^th of the 
total height of masonry, whilst in others, it falls somewhat short of tlutt 
proportion. 'I'hc* eoiinlerforts are all 5 feet wide, 6 feet long, and 8d feet 
high; atul are plaeod ut eeiitrut intervals of 20 feet apart. The above pruffiv 
may be eonsi.iercd a full scarji revetiiieiit, a.s there is no where any gtm$ 
height of earth above the masonry. The counterscarp revetment is huKl 
without eoiiiiterforts, and is, in some places, 85 feet high, with about 1 
of eaith over it, and there it is 9 feet thick at the base. In other paefe» 
w here the height is 20 feet, it is onl} 7 feet thick at the base. U hev 
when' an exterior slope of ^1h, and is perpendicular in rear, 
mean thickness varies from about -jSjjlhs, to jjdis, of the height* Io.spit|9 
few places, the heights, both of the scarp and countonioarp 
greater, and the slopes and other dimensions vary from the fhove.ipexi^tvifi 
which however apply to the works in general, *«d are anocrdiBg, I paf ^ 
decision of the C'oinmiUee of Fordfioatioas. 
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semicircle, the elUpse, the circular segment, the purabuia, the cate¬ 
narian curve, &c., &.C., as he judges convenient : tor since all these 
forms, which have been enumerated (and indeed nuiny inoie) ha\e 
been tried^and all have stood; it follows, that none ought, in reason, 
to biNi^onditioiially condemned, and none to be unconditionally 
preferred to all the others, but that in one case one form, in another, 
another may be chosen, as the most suitable, either with a \ lew to 
beauty, in ornamental buildings, or from motives of strength, cci>- 
aamy, or conveuiency, in others. Thus, for exainph', to tiiaw a 
practical comparison between the Hut ciicular st ginent, and the 
parabola, whose rise is equal to half its span, tiic fonner is, In far, 
the most suitable for a bridge over a great iiver, whilst the latter 
may be allowed to be a much better fonn foi a bomb-proof pow¬ 
der magazine. 
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KRRATA IN VOL. III. 


J(i7. \it\f, llin* ?. f*r l‘il —read 104 


•150, Imp 16. For poiiil, .1 —read poiiil, 4 
.M7, liii<> 1. For A F—read Af 
rthli, liDt* 7. For C E K—reod G C P 

>ol. Note, coMtiiiucd (rmn tbe |>r(H)rJing’ page. Erase the last MHtiMVi CWR* 
rieiiririf' uUh the u'ortls, Compare aiNO 

57 1, 1 Aiti. 1 . II. Ill the eoluiiin of ^(abilitj wilbuot abing’Ie. For 53-^^^j^jSOm 
616, nceuiid line from the boUom. For 280, 281, and 282 —read 


‘.‘>1 

4ijl, Ri ic VII, line 6. For countcrforls equal —read couuteiforta 
length ‘ ' 

’1, iiFiu A Rk, litif 2. Eiprnment 401, m Table XIII, although ver^ war^t 
IS Tint iiactlif, applicable to the case, which tt has there been guotedfor the 
purpose of proiing. 'fhe point in question is, however, fully proved by 
seieral of the other esperiments, contained in the Tables. , 

661 , Note, continued fruin the preceding page, line H. For VI. VII. awl VZI|^ 
—rrad V. VI. am! \ II. ^ t. 







